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Abstract

Although millions of dollars are spent each year on pavement maintenance, adequate
information defining the benefit of preventive maintenance treatments is not available.
SHRP Project H-101 has coordinated the construction of preventive maintenance treatments
to determine their effectiveness.

Some of the factors that affect the life of preventive maintenance treatments are the quality
of the materials used, the environmental conditions during which the treatments are placed,
the type of equipment used, and the quality of the treatment application. Quantifying these
factors has been difficult. This report describes an approach which has the potential of
quantifying this set of diverse factors into a single rating, in the possibility that this can be
related to the performance of the treatments.



Executive Summary

Several preventive maintenance treatments are being used to preserve pavements across the
nation. Limited funding for highway maintenance has created a need to substantiate the
benefit from these expenditures (1). The Strategic Highway Research Program (SHRP)
project H-101, Pavement Maintenance Effectiveness, is being conducted to determine the
cost-effectiveness of selected preventive maintenance treatments. Six specific maintenance
treatments were selected by a panel of pavement engineers to be studied. For flexible
pavements, these include:

crack sealing,
chip seals,
slurry seals, and
thin overlays.

For rigid pavements, treatments include:

crack and joint sealing, and
undersealing.

The purpose of the study is to determine the effect of these maintenance treatments on
pavement performance. This information can then be used with appropriate cost informa-
tion to determine the cost-effectiveness of preventive maintenance treatments.

The treatments were applied to the flexible pavements during the 1990 construction season,
and are scheduled to be applied to the rigid pavements during 1992. A series of tests and
observations are being conducted on the treated sections and the untreated control sections
before, during, and after treatment application. The initial and long-term tests and
observations will be used to determine the treatment effectiveness. Long-term observations
are to continue until the sections fail. The test sections are designated as Specific Pavement
Sections (SPS) of the Long Term Pavement Performance (LTPP) studies of SHRP. The
flexible pavement sections are designated as SPS-3, and the rigid pavement sections are
designated as SPS-4. The LTPP studies are scheduled to continue for fifteen years after the
initial SHRP studies are complete. It is estimated it will take this long to determine the
effects of some of the treatments, especially those applied to rigid pavements.



Introduction

Study Design

An experimental, or sampling, design was developed to identify the impact of important,
controllable (key) factors on the effectiveness of the selected maintenance treatments. Some
factors common to similar LTPP General Pavement Studies (GPS), include: environmental
conditions, traffic volume, and subgrade type. Others are specific to the types of treatments,
pavements and materials being studied. There are also factors which cannot be controlled
in the experimental design, but which we know will affect the treatment and are considered
covariables.

The experimental or sampling design arranges these factors so that their influences on the
effectiveness of the treatments, considered the main effects of the experiment design and
the dependent variables in the analysis, can be determined. The performance of pavements
with the preventive maintenance treatments will be compared to the performance of similar
pavements without the application of the treatments, which are the control sections.
Measures of performance will include: distress types, profile (or roughness), surface friction,
structural capacity through deflection testing, and material properties.

Since the goal of this study is to determine the effect of the individual treatments in
extending the pavement life, the impact of the individual materials or construction processes
is not being studied. In addition, the overall goal is not really to compare the performance
of one treatment to another, but rather to compare the change in performance of treated
to untreated sections. The impact of the preventive maintenance treatment desired is that
of the process, for example, a slurry seal. Therefore, common treatment materials, mix
designs, and treatment construction specifications which are known to work reasonably well
in each individual climatic zone have been selected. Although localized materials and
techniques are important to the local agency, they cannot be allowed to control the national
experiment. Any comparison of performance of treatments due to different material



characteristics and construction techniques should be reserved for agency specific studies,
which are encouraged by SHRP and will be integrated into the data collection and analysis.
The common, or site, factors in the experimental design for preventive maintenance for
asphalt concrete and portland cement concrete pavements include:

a. moisture: wet
dry
b. temperature: freeze
no-freeze
c. subgrade type: fine grained
coarse grained
d. traffic loading: low
high

Concern has been expressed that, for instance, low- and high-traffic levels will not be
adequate to define the spectrum of traffic observed. The arrangement into the cells is only
a mechanism to insure there are different levels in the study, not to define discrete points.
In fact, it is hoped that the variables will vary considerably within each range, providing
sufficient data to develop continuous relationships for all of the variables of interest.

The second set of factors are generally different for the SPS experiments from those of the
GPS experiments and different for the asphalt and concrete experiments. Obviously, the
individual treatments, listed previously, are included. There is no plan to explicitly evaluate
the effectiveness of combinations of the treatments; each will be regarded as a separate
treatment and considered alone. However, surface preparation representing good
engineering practice will be included.

Asphalt Pavements

The two pavement factors which have the most influence on the performance of preventive
maintenance treatments applied to flexible pavements are the condition of the pavement at
the time the treatment is placed, and the structural capacity of the pavement compared to
the traffic loads being applied to the pavement. There was considerable discussion
concerning the number of pavement condition levels to define. The preventive maintenance
treatments are to be applied to the pavement sections in the hope of preventing, or
reducing, the rate of deterioration. It is believed this is most effective if the pavement is
in good condition, and the treatment is applied to retain the pavement in that condition
level. There is a condition level at, or below, certain levels where the preventive



maintenance treatments will have little effect. It is maintained that, depending on the traffic
level, some intermediate degree at which the treatments will reduce the rate of deterioration
but may not be as effective if applied earlier.

Three levels are required to define the impact of condition; however, the primary goal is
to define the effect of the treatments on pavements which are believed to be in a condition
which will respond to the treatment. Spending money to show that pavements in poor
condition will not respond well to light maintenance treatments is a cause of concern.
However, if the treatments are not applied to the pavements in all three condition levels,
it is possible that we will not be able to answer all of our questions. Thus, it is important
to apply the treatments at a poor condition level to anchor our analysis; however, it is
possible to use less than a full factorial of pavements in this condition. The structural
capacity is considered a two level factor, and was initially based on structural number. The
selected factors include:

e. condition: good
fair
poor

f. structural adequacy: high
low

Sites are located in United States and Canadian provinces.

Rigid Pavements

The two factors known to affect the performance of preventive maintenance treatments
applied to the rigid pavement are pavement condition at the time of treatment and the type
of subbase. Pavement condition was to be divided into three levels in an approach similar
to the flexible pavement studies. The subbases to be considered were granular and
stabilized bases. The selected factors included:

e. condition: good
fair
poor

f. subbase: granular
stabilized

Participation in the study of preventive maintenance treatments applied to rigid pavements
was not as great as hoped. As a result, the sampling plan was modified to reflect realistic
expectations.



The final sampling plan for the rigid pavement included the following factors for plain
jointed pavements:

a. moisture: wet
dry

b. temperature: freeze
no-freeze

c. subgrade type: fine grained
coarse grained

d. subbase: granular
stabilized

For jointed reinforced pavements, only the wet moisture level was considered. It appears
that for rigid pavements, only joint and crack sealing will be adequately represented to
determine their impact on performance.

Covariables

Covariables are measured independent variables which are not used in the basic design to
select the treatment locations. Although they are suspected of having an impact on the
performance of the preventive maintenance treatment, they cannot be controlled in the
experiment. Primary reasons for not controlling them include: monetary constraints
(keeping the number of sections within the study to a reasonable level), lack of available
candidate sections, and lack or prior knowledge during the site selection process.
Covariables which were identified for the preventive maintenance applied to flexible
pavement include: age, layer thicknesses, layer material properties, shoulders, subdrainage,
prior maintenance, quality of the treatment construction or application, treatment material
properties, and environmental conditions at the time of treatment application. In addition
to those covariables mentioned for the flexible pavement studies, the covariables for
preventive maintenance applied to rigid pavements include slab length and load transfer.
Several other uncontrolled and unknown variables are sure to exist.

Construction Plan

Some of the covariables which are known to affect the performance of the treatments
include: material properties, mix design procedures, construction equipment, construction
crew experience and training, and application procedures. Many of these factors change
dramatically from location to location. However, since the use of a specific material or
construction technique is often limited to a small geographic or political area, there is no
need to determine impact of localized factors over a large area. Each additional factor
varied in the analysis would at least double the number of sections which would have to be



constructed for each treatment. Therefore, a common set of treatment materials, mix
designs, and treatment construction specifications which are known to work reasonably well
in the four SHRP regions were selected.

If the construction variables can be controlled, the impact of the key variables and their
interactions on the effect of preventive maintenance treatments can be determined. This
will provide the desired North American "base line" analysis of the impact of the treatments
on the pavement performance. Inferences which can be made from the analysis will be
limited to the range of the controlled factors. However, since the number of variables is
limited in a localized area, a smaller number of test sections will need to be evaluated on
a local or regional basis to develop a "shift factor” for use with the overall base line analysis.
The results of the overall study could then be applied to local analysis as well.

There has been considerable concern from the beginning of the project over how to control
key variables of the study. Since SHRP does not have the funds to pay for construction of
the treatments, participating agencies will fund the building of the treatment test sections.
The concept advocated in the original proposal was to develop a strict set of specifications
and allow the participating agencies to control application. However, the SHRP Highway
Operations Advisory Committee decided to develop an approach which would limit the
construction to one crew, one equipment set, and one set of material sources for each treat-
ment. This concept was agreed to at the first meeting of the H-101 Expert Task Group
(ETG). This concept was modified to allow the use of single crews, equipment sets, and
material sources in each of the four climatic regions for each of the flexible pavement
treatments, except for the thin overlay. It was apparent the thin overlay could not be
controlled in the same manner because of the equipment required to prepare the asphalt
concrete. Because initial participation in the preventive treatments applied to the rigid
pavements was lacking, regional contracts for the SPS-4 tests were unable to be developed.

Three general options to control construction were considered by potential participating
agencies. In addition to the regional contractor option, a second alternative included
providing the participating agencies with the means to control the application, but requiring
centralized material purchase; a strict set of specifications; specialized quality control
assistance; and centralized mix design. All of these choices would be accompanied by
special training. The third possibility would allow construction of the treatments using a set
of common specifications agreed upon by the participating agencies within the region. The
final result allowed regional contractors to apply the chip seals, slurry seals, and crack
sealing. In addition, a single source of materials for the crack sealant, slurry seal, and chip
seal materials was used in each region. The thin overlays of the flexible pavements and
joint/crack sealing and undersealing of the rigid pavements are being constructed by each
participating agency using a set of guide specifications developed by the SHRP staff.

The Federal Lands Highway Divisions (FLHD) of the Federal Highway Administration
(FHWA) served as contracting authorities for the construction activities in each of the
SHRP regions. The participating agencies formed a regional task group (RTG) in each of
the four regions. Members of the RTG include state and provincial highway engineers who,
along with FHWA and SHRP representatives, selected a regional contractor to apply the
chip seal, slurry seal, and crack sealing treatments.



The selection of the contractor(s) for the three common-crew, common-material treatments
was accomplished in two steps. First, a solicitation of interest from contractors was
advertised. From this, a list of interested contractors was generated. FLHD officials and
the RTG reviewed this list to determine a short list of qualified contractors, based on an
outline of predetermined qualifications. Each prequalified contractor on the short list was
then asked to submit a cost proposal. The winning bid was selected from among these final
proposals.

Each contractor purchased all of the materials required for the sites within the region at one
time from one set of sources and stockpiled the material as necessary. Using a single crew
and a single set of equipment, the contractor applied the treatments at each site within the
region, and was responsible for quality control during construction. The SHRP Regional
Coordinating Office Contractor (RCOC) conducted extensive checks on the construction of
the treatments. All material sampling, material testing, and mix designs was conducted
under RCOC supervision, except for the thin overlay materials and treatments applied to
rigid pavements. The thin overlays are to be a standard dense graded asphalt concrete
normally used by the respective highway agency. The participating agencies are responsible
for all material sampling, material testing, and mix designs for the treatments applied to
rigid pavements; however, the RCOCs are providing assistance and training.

Final acceptance of the regionally-contracted work was the responsibility of FLHD, which
was the contracting authority. Although the test sections are located on state or province
highways, and the participating agencies assisted in final acceptance, the final acceptance
for contract administration came from FLHD.

Measuring Quality of Construction

The primary purpose of this report is to present a rating procedure which was developed
to evaluate the quality of application of the preventive maintenance treatments to flexible
pavements. The three maintenance treatments selected for this--chip seals, slurry seals, and
crack sealing--are the three which were placed under contract. The rating procedure is
designed to assign a numerical value to the treatments which indicates how well the
treatment was applied. Dr. Lytton developed the concept for this in an early evaluation of
SHRP needs (2).

Quantifying the application of a treatment is difficult because of a large number of activities
and factors which have an impact on the performance of the treatment. To rate the
treatment quality, information pertaining to application of the treatment must be obtained.
The approach used in this study was to identify all of the factors and activities expected to
have an impact on the effectiveness of the treatment. After these items were identified,
data collection sheets were developed to collect the necessary information. Chapter 2
explains how the data collection sheets were developed and describes the importance of
their features and uses in the rating procedure.
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Rating trees were developed to evaluate the information recorded on the data collection
sheets. The trees were generated through a combination of decision tree theory and utility
theory. A separate rating tree was developed for each of the three treatments considered.
The trees rate the items individually, and then combine individual measures to provide an
overall rating for the treatment. The rating trees are structured in a manner which allows
the individual criteria to be weighed according to their relative importance, enabling items
of greater significance to account for more of the overall rating. Details on the
development and evaluating procedures of the rating tree are explained in Chapter 3.

Details on the individual rating criteria for chip seals, slurry seals, and crack seals are given
in Chapters 4, 5, and 6 respectively. These chapters explain the weights assigned to the
main attributes, attributes, and sub-attributes. They also discuss the rating values assigned
to the individual rating criteria. Conclusions and recommendations are given in Chapter 8.

The overall rating provided by the rating trees is indicative of how well the treatment was
applied, and it is expected to be helpful as an indicator of future performance of the
treatment. This rating procedure should help determine how important the various factors
are, and which areas of construction need to be improved or more closely controlled to
obtain a final product which will be more effective in serving the road users. The rating is
intended to serve as an example for highway agencies.
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Development of Data Collection Sheets

Data collection sheets, as shown in Appendix A, are forms designed to record specific
information. They are used in this study to collect data related to the application of chip
seals, slurry seals, and crack sealing. The data is necessary to evaluate the application of
the treatments for the purpose of predicting the performance of the treatments.

The data collection sheets serve three main purposes in the data collection and evaluation
processes. First, they provide an on-site inspector with a list of the important items to be
recorded. Second, they provide a systematic manner of collecting the information to assure
that the same type of data elements are collected for all similar treatments to facilitate
evaluation on the same basis. And third, they provide the necessary data for the rating
procedure.

Sources of Information

The development of the data collection sheets required an extensive review of application
procedures for the three pavement maintenance treatments to determine what data would
need to be recorded to evaluate the application of the treatments. A variety of sources were
consulted to gain as much information as possible. The sources include construction
manuals for chip seals (3, 4, 5, and 6), slurry seals (7, 8, and 9), and crack sealing (10 and
11); practical knowledge from associates and experts with field experience; and data
collection sheets from the SHRP Long Term Pavement Performance Program (LTPP).

Selection of Data Items

It is hard to over-emphasize the importance of developing a good data base in order to
properly evaluate the application of a pavement maintenance treatment. Any information
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which is expected to have an influence on the effectiveness of the treatment was considered.
However, the collection of unnecessary data is burdensome and expensive, while
recordingtoo little will not allow proper evaluation of the treatment. Therefore, careful
consideration was given to determine the information necessary to perform an adequate
analysis for the study at hand.

The possible information identified from all of the sources was compiled for each of the
treatments separately, and carefully examined to determine which items were necessary to
support the evaluation process. It was determined that data relative to environmental
conditions, surface preparation, equipment condition, application procedures, traffic control,
and curing conditions are essential for the evaluation process. The importance for each

selected data element is discussed in the descriptions of the three rating trees in Chapters
4, 5, and 6. :

Some of the items requested on the data collection sheets are not used for the rating
procedure. Some examples are the length and width of the test section, and the types and
grades of materials used. These are items necessary for various identification purposes, and
are easily stored in the data base for future reference.

Classification of Data

Items recorded on the data collection sheets fall into one of the following three
classifications: quantitative, qualitative, or descriptive (12). Quantitative items are
measured values such as the rate of asphalt application or the time allowed for curing. This
type of item is entered onto the data collection sheets in a numerical form as the actual
measured value. A qualitative item describes the condition of something which has to be
determined by judgement such as the moisture level of the surface or how well a procedure
was performed. These are the most difficult items to accurately assess due to the subjective
judgement involved during the data collection process. Specified terms are listed on the
data collection sheets and used by the inspector to describe the condition. Inspectors using
the data collection sheets should be familiar with the definitions of the terms used to
describe qualitative items to ensure uniformity of judgement. Descriptive items describe
which method or material was used, and may also appear as a "yes or no" question.
Qualitative and descriptive items are recorded on the data collection sheets as index
numbers. The index numbers are used to represent the specific terms which have been
selected to describe the possible conditions. The terms are listed on the data collection
sheets beside their corresponding index numbers and near the items which they are used to
describe.
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The use of index numbers facilitates storage of the data in the data base. In addition, it
simplifies data analysis. Numerical indices allow easier sorts, quicker comparisons, and
simpler ordered tabulations. The data base manager and reporting systems can be
programmed to use the name or description of the qualitative or descriptive item response
in reports. :

Organization and Format

The organization of the data collection sheets reflect the relationship between this study and
the nationwide SHRP study. The data collection sheet format had previously been
established, and this study tried to use that format as much as possible (13). The data
requested at the top of the sheets, which identify the state and the particular test section for
which the application data was recorded, are used in the data base to identify data collection
sites. The term SPS stands for Specific Pavement Studies, and the numeral 3 denotes the
study of preventive maintenance for flexible pavements in the SHRP study. LTPP is an
acronym for Long Term Pavement Performance, and is an element of the SHRP study. The
grouping of similar data items (i.e., environmental conditions, surface conditions, equipment
details) was made to simplify the collection process for the inspector.

The format of the data collection sheets was chosen to simplify the process of entering the
data into a computer data base system. All of the data is neatly recorded along the right
side of the paper, with only one item per line. This format enables the person entering the
data into a microcomputer-based screen entry system to proceed easily down the right side
of the page without having to scan the whole page searching for the data.

Relationship to Data Base

A data base is a collection of information which has been logically organized (14). Data
bases are usually stored in some manner which allows the information to be retrieved when
needed. The storage mechanism can range from a simple manual filing system to a main
frame computer system (15). The rating procedure developed in this study requires the use
of a data base to evaluate the application of pavement maintenance treatments. The data
base format was developed by a SHRP contractor. It is a relational data base with a very
large number of relationships and data elements. The data collection sheets were developed
to provide the data needed for entry into the data base, which is necessary for the rating
procedure.
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Development of Rating Trees

The rating trees developed in this study are hierarchical assessment structures. They were
designed to evaluate the application quality for chip seals, slurry seals, and crack seals, and
assign numerical ratings for the application of the treatments based upon application data.

The rating trees serve two main purposes in the development of the evaluation process for
the application of the three preventive maintenance treatments. First, they simplify the
process of assigning weights and rating values to the rating criteria as they provide a
diagram similar to decision trees. The diagram enables one to see how the various items
recorded on the data collection sheets interact. Second, the trees provide a systematic
manner of evaluating the application of the treatments based on information recorded on
the data collection sheets described in Chapter 2. .

Foundation of Rating Tree Concept

The rating tree concept evolved from a popular tool used in decision theory known as the
decision tree. ‘A decision tree is a diagram of the choices available to a decision maker
when trying to solve a problem (16). The diagram allows the decision maker to view all
available options and the possible outcomes available with each option (17).

Decision trees will usually reveal one choice which is superior to the others, helping the
decision maker decide which alternative should be chosen.

A diagram similar to the decision tree offered a simple and very useful way to decompose
the application information recorded on the data collection sheets. However, the
mathematical operation of the decision tree could not be set up to evaluate the multiple
rating criteria needed in the rating procedure. Although decision trees and rating trees are
both drawn in a manner such that the trunk of the tree is on the left, and the branches
develop to the right of the trunk, there is a major difference in the functions of the trees.
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Decision trees are based on probabilities associated with the possible outcomes of the
available choices. The mathematical operations of decision trees yield the various expected
outcomes to the right of the diagram, beside the terminal branches. This allows a
comparison of the expected outcomes to determine which choice offers the most promise.

As shown in Appendix B, the rating trees are based on weights and rating values assigned
to the multiple rating criteria. The rating criteria are listed on the terminal branches of the
tree with their respective rating values. Weights, which reflect the relative importance of
the individual rating criteria, were assigned to the branches leading up to the rating criteria.
A single numerical value for the application of a treatment is derived from the multiple
rating criteria through a series of mathematical operations which move through the rating
tree from right to left.

Additive Weighting Methods

Simple additive weighting is a procedure used for multiple objective decision making. This
method requires the decision maker to identify the attributes of the available alternatives
for the purpose of assessing the alternatives (18). The assessment is based upon a weight
assigned to each attribute and a scale of numerical values within each attribute. The weight
reflects the relative importance of the attribute, and the numerical scale reflects the decision
maker’s preference for the attribute. An assessment value, or rating, can be determined for
each alternative by multiplying the weight of each attribute by the numerical scale value for
the alternative and summing the products of the attributes.

Hierarchical additive weighting is similar to simple additive weighting, but it is able to
consider multiple levels of attributes. Once the higher level attributes have been defined,
they are divided into several lower-level attributes. The rating of a higher level attribute
is determined by combining the ratings of its lower level attributes. The ability of an
alternative to satisfy higher level attributes depends on the alternative’s ability to satisfy the
lower level attributes. The overall assessment value for an alternative is the combined
ratings of the higher level attributes.

The rating trees developed in this project are basically hierarchical additive weighting
models. However, they were developed in a reverse order. Normally, the higher level
attributes are identified first, but this is not the case for the rating trees. Identification of
the necessary rating criteria was the first step. This was followed by the categorization of
the data into the main attributes. All other aspects of the rating trees follow basic
hierarchical additive weighting philosophy.

Some previous uses of hierarchical additive weighting include a feasibility study of pavement
rehabilitation techniques (19), and the evaluation of equipment and analyzing procedures
used for nondestructive testing of pavements (20). It has also been employed to evaluate
the safeguards adequacy of nuclear facilities (21). Utility theory was used in these three
studies to determine the values assigned to the trees.
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Assignment of Weights and Rating Values

The weights and rating values assigned to the rating trees follow the general concepts of
additive utility models, however there is some variation. The weights reflect the relative
importance of the main attributes, attributes, and sub-attributes. The rating values are the
utility values for the rating criteria. Additive utility theory requires the attributes to be
additively independent (17). This means the sum of the weights of a group of attributes
describing a particular item should equal one. This condition was met throughout the three
rating trees.

Additive utility theory also places requirements on the utility values for the best possible and
worst possible outcome of each attribute (17). The best outcome should have a rating (or
utility) of one, and this condition is met by the rating trees. The worst outcome should have
a rating of zero, but some of the rating tree attributes do not exactly follow this. The worst
condition rating value for some of the attributes is greater than zero. A closer study may
even reveal the need for some worst condition rating values to be less than zero. This might
be necessary for items which could, by themselves, ruin the effectiveness of a treatment.

Mathematical Operations of the Rating Trees

A quick look at the trees reveals a combination of addition and multiplication operations.
An addition sign (+) occurs at places where two or more branches diverge from a common
point, with the exception of the rating criteria. A multiplication sign (x) is found beneath
all branches, except the rating criteria.

The first step that must be taken is the selection of the rating criteria which correspond to
the collected data. Once the proper rating criteria have been determined, the calculation
procedure begins. This process begins at the far right with the rating criteria, and moves
branch by branch to the left.

The rating value for each selected rating criteria is multiplied by the weight of the branch
from which it extends. The resulting product of these two factors is then added to other
products where the branches merge. The value obtained from the sum of the merging
branches is muitiplied by the value of the branch to the immediate left of the merge point.
This process of multiplying and adding continues until all of the branches have been worked
through, and a numerical rating value has been obtained for the tree. The following
example is provided to clarify the mathematical operations.

Example Calculations

The data used in this example was collected at a SHRP SPS-3 test site. The data is from
a chip seal surface treatment, and is shown on the completed data collection sheets in
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Appendix C. The calculations for the environmental main attribute branch are shown in
Figure 1, and are explained, step by step, below.

The calculations begin by multiplying the rating of each selected rating criteria by the weight
of the branch from which it extends. The weight for the branch labeled DATE OF WORK
is 0.3. The selected rating criteria for this attribute is AFTER AUG 31, and has a rating
of 0.6. The calculation for the DATE OF WORK attribute is;

03 x0.6 = 0.18.
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Thus, the value for the DATE OF WORK attribute branch is 0.18, and it is carried to the
next mathematical operation and added to the value for the AMBIENT CONDITIONS
attribute branch.

The value for the AMBIENT CONDITIONS attribute branch includes several more
mathematical operations than were needed for the DATE OF WORK attribute branch.
AMBIENT CONDITIONS has two sub-attributes, AIR TEMPERATURE and RELATIVE
HUMIDITY. The AIR TEMPERATURE sub-attribute branch also has two branches,
LOW and HIGH. The weights for the LOW and HIGH branches of the AIR
TEMPERATURE sub-attribute are 0.6 and 0.4 respectively. Their corresponding selected
rating criteria are ABOVE 70 for LOW with a rating of 1.0, and 70 - 95 for HIGH with a
rating of 1.0. Calculations for obtaining the LOW and HIGH sub-attribute branch values
are:

LOW 06 x 1.0

and
HIGH 04 x 1.0 = 040.

0.60,

The next step is to sum the values for the two branches, and multiply the sum by the weight
of the AIR TEMPERATURE sub-attribute branch, which is 0.8. This gives a value for the
AIR TEMPERATURE branch of 0.80, as follows:

LOW + HIGH = 060 + 040 = 1.00,
and
the product, 0.8 x 1.00 = 0.80.

The value for the RELATIVE HUMIDITY sub-attribute branch is found by multiplying its
weight of 0.2 by the rating of its selected rating criterion, 40 - 80, which is 1.0. The product
is 0.20, as shown:

02 x 1.0 = 0.20.

The value for the AMBIENT CONDITIONS attribute branch is the product of its weight,
0.7, and the sum of its two sub-attribute branches, AIR TEMPERATURE and RELATIVE
HUMIDITY. This value is found to be 0.70.
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AIR TEMPERATURE + RELATIVE HUMIDITY
0.80 + 020 = 1.00

and,
the product 0.7 x 1.00 =-0.70.
Now that the values for the DATE OF WORK and AMBIENT CONDITIONS attribute
branches have been found, their values are summed and then multiplied by the weight of

the ENVIRONMENTAL main attribute branch, 0.12.

DATE OF WORK + AMBIENT CONDITIONS
0.18 + 0.70 = 0.88

and,
the product 0.12 x 0.88 = 0.1l
From this example, it can be seen that the rating for the ENVIRONMENTAL main
attribute branch of the CHIP SEAL tree is 0.11. The ratings for the other main attributes

are found in the same manner that the rating for the ENVIRONMENTAL branch was
found:

1. First, select the appropriate rating criteria to represent the data collected in the field;

2. Second, follow through the designated mathematical operations shown along the
branches of the tree, moving from right to left.

The following are the ratings calculated for the other main attribute branches from the data
in Appendix C.

SURFACE CONDITIONS 0.10
EQUIPMENT 0.24
CONSTRUCTION 0.33

CURING / TRAFFIC CONTROL 0.10

The overall rating for the application of the CHIP SEAL surface treatment is the sum of
the ratings for the five main attribute branches.

0.11 + 0.10 + 0.24 + 033 + 0.10 = 0.88

Thus, the overall rating for the CHIP SEAL application data shown on the data collection
sheets in Appendix C is 0.88.



Chip Seal Attributes and Rating Criteria

Descriptions of the various branches of the chip seal rating tree are given in this chapter.
Rating criteria for the chip seal surface treatment are divided among five main attributes:
environmental, surface condition, equipment, construction, and curing/traffic control. Each
of these five main traits have attributes and sub-attributes which are used to ultimately
produce an overall rating of the chip seal surface treatment application process.

The main attributes, attributes, and sub-attributes are described separately. Each one has
an explanation of what it represents and justification for the weight assigned to it.
Justification for the ratings assigned to the rating criteria and the effect they have on the
surface treatment are also listed.

The descriptions begin with environmental, which is the first main attribute. All attributes,
sub-attributes, and rating criteria related to environmental are then described. The same
procedure is followed for the other four main attributes and their corresponding attributes,
sub-attributes, and rating criteria.

The following weights were assigned to the main attributes: environmental, 0.12; surface
condition, 0.12; equipment, 0.25; construction, 0.36; and curing/traffic control, 0.15. The
weights are based on the expected relative importance of the main attributes, and the
number of rating criteria within them. The large number of rating criteria associated with
the construction and equipment attributes warrant the higher weights assigned to them.

Environmental

The environmental rating criteria is divided into two attributes: date of work and ambient
conditions. These are important items to be considered for a chip seal, because warm
weather and long curing periods help stronger bonds to develop between the aggregate and
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the binder. Date of work was assigned a weight of 0.3, and ambient conditions was assigned
a weight of 0.7. The higher weight assigned to ambient conditions is attributed to the three
rating criteria associated with it, compared to only one for date of work.

Date of work

This refers to the time of year in which the work is performed. It is important for
considering the impact of curing conditions expected based on average climatic conditions.
Long curing periods during warm weather are preferred because this allows maximum time
for the aggregate to bond to the binder and for some beneficial embedment of the aggregate
into the existing pavement surface. For most climates, the best time is the period of May
15 - August 31. The climatic conditions during that period should provide the warm
temperature and adequate curing periods prior to cold weather. Work performed before
May 15 is expected to have longer curing periods than work done after August 31, and is
given a slightly higher rating value for this reason. However, in both of these time periods,
the evening temperatures and temperatures during the days immediately following the
application could be much cooler than desired. In some areas, such as those with very hot
climates, this season will need to be changed to avoid the hottest periods if an emulsion is
used as the binder material.

Ambient Conditions

Air temperature and relative humidity are sub-attributes of ambient conditions. Air
temperature received a weight of 0.8 and ambient conditions received a weight of 0.2. The
higher weight for air temperature is because it has two rating criteria compared to one for
relative humidity, and because temperature has a greater impact on the curing process than
relative humidity.

Air temperature

Both the low and the high air temperature are recorded under the air temperature sub-
attribute. Temperature plays an important role in regard to the bond developed between
the binder and the aggregate. Low temperatures slow the curing process, slow the
separation of water from the binder, and cause the binder to become stiff quickly. When
the binder is stiff, rolling may break the bond between the aggregate and the binder. This
happens as the roller pushes the individual stones into the binder and the stiffness of the
cooled binder prevents it from flowing with the movement of the stones. High temperatures
may cause the emulsion to break prematurely and skim prior to developing adhesion with
the cover aggregate. The weight assigned to low air temperature (0.6) is higher than the
weight for high air temperature (0.4) because low temperatures have more effect on the
development of strong bonds.

26



Low air temperature is the lowest temperature encountered during the construction process.
This will usually be the temperature at the beginning of the work, although cooler
temperatures may occur after work has begun. Ranges of below 60°F, 60 to 70°F, and
above 70°F are used to rate this sub-attribute. Below 60°F received the lowest rating
because low temperatures slow the curing process, which retards the development of the
bond between the asphalt and the aggregate. Adequate bonding is expected when the low
temperature is between 60 and 70°F, but it received a rating slightly less than the best
condition, which is above 70°F.

High air temperature is the highest temperature encountered during the construction
process. The ranges given for high air temperature are below 70°F, 70 to 95°F, 96 to
110°F, and above 110°F. Slow curing would be expected if the high air temperature is
below 70°F, and it has been assigned a relatively low rating. The highest rating was assigned
from 70 to 95°F because it is the best condition for curing and bonding. The 96 to 110°F
range was also assigned a high rating, but is not considered to be the best condition because
the high temperatures could cause the emulsion to skim or break. The lowest rating belongs
to the above 110°F range, as temperatures this high may cause the emulsion to skim,
preventing the development of an adequate bond between the asphalt and the aggregate.

Relative humidity

The relative humidity effects the evaporation rate of the water in the emulsion. Low
humidity will increase the evaporation rate, and may cause the emulsion to break early.
High relative humidity can also be a hindrance, as the water may be slow to evaporate after
the emulsion breaks. The following three ranges for relative humidity have been defined:
below 40 percent, 40 to 80 percent, and above 80 percent. Below 40 percent received the
lowest rating as it could cause the emulsion to break early. The 40 to 80 percent range
received the highest rating because it will not cause early breaking of the emulsion, or
significantly delay the evaporation of the water after the emulsion breaks. Above 80 percent
has a rating between the other two. Above 80 percent humidity will not cause the emulsion

to break early, but it may delay the curing by retarding water evaporation after the emulsion
breaks.

Surface Condition

The pavement surface must be properly prepared and in good condition to obtain strong
bonds between the asphalt and the old surface. Failure to do this will result in loss of the
chip seal as the aggregate and the binder will not be sufficiently bonded to the initial
surface. Condition at time of treatment and initial existing surface preparation are
attributes of surface condition. A weight of 0.7 was assigned to the condition at time of
treatment because it has three rating criteria associated with it. Initial existing surface
preparation was assigned a weight of 0.3 as it has only one rating criterion.
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Condition at time of treatment

Information recorded under this attribute describes how clean the pavement is, the amount
of moisture on the surface, and the pavement temperature during the application of the
treatment. The weights assigned to the sub-attributes are 0.4 for how clean, 0.3 for
moisture, and 0.3 for pavement temperature. The higher weight assigned to how clean
indicates that it is slightly more critical than the other two sub-attributes.

How clean

A clean surface provides the best condition for strong bonds to develop between the binder
and the surface. The application of binder to a dirty surface results in poor bonding since
the binder adheres to the dirt instead of the surface, and the binder and cover aggregate
may break away from the pavement surface at some future time. How clean has possible
ratings of clean, mostly clean, somewhat dirty, and dirty, with clean assigned to the highest
rating, and proceeding down to dirty, which received the lowest rating.

Moisture

The presence of moisture on the surface may slow the curing process. Excessive moisture
on the surface may also interfere with the bond between the surface and the binder if there
is enough water present to form a barrier between them. The rating criteria for this
attribute are dry, mostly dry, somewhat moist, and wet. The highest rating was assigned to
dry. The ratings decrease as the surface moisture increases, thus, wet received the lowest
rating.

Pavement temperature

The temperature of the binder will almost immediately assume the temperature of the
pavement surface to which it has been applied. Low pavement temperatures may slow the
curing process and may also cause the binder to become stiff. Stiffening of the binder
results in poor bond development since the binder will not flow with the movement of the
aggregate during the rolling process. High pavement temperatures may cause the emulsion
to skim or break prior to the completion of rolling. Pavement temperature has ranges of
below 60°F, 60 to 80°F, 81 to 110°F, 111 to 130°F, and above 130°F. The 81 to 110°F
range received the highest rating because problems associated with low and high
temperatures are not present. The 60 to 80°F range received the second best rating;
however, slow curing problems associated with low temperatures might be noticed. The
third best rating was assigned to the 111 to 130°F range. Problems associated with high
pavement temperatures are possible within the 111 to 130°F range. The lowest ratings were
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assigned to below 60°F and above 130°F. Application should not take place if the
pavement temperature is below 60°F due to low temperature problems. When the surface
temperature is above 130°F, the emulsion may break prematurely, and the binder may not
develop adequate adhesion with the cover aggregate to hold it in place.

Initial existing surface preparation

The four types of surface preparation are: none, sweep only, cold mill, and shot blast. A
chip seal will adhere best to a surface which is clean and slightly rough. If the surface is
dirty, the binder will stick to the dirt, and the binder and cover aggregate may break away
from the pavement surface at some future time. A slightly rough surface provides more
surface area for the binder to develop adhesion with. A very rough surface would cause the
binder to pool in the depressions and flow from the high points. This could cause an
uneven binder distribution with some cover aggregate buried in the pools and some
aggregate lost from the high points. The highest rating was assigned to shot blast, while cold
mill and sweep only are rated only slightly less than shot blast. Cold mill is preferred to
sweep only. The lowest rating was assigned to none.

Equipment

Three types of equipment are considered, all of which are very important for the chip seal
application. They are the distributor, the aggregate spreader, and the rollers. These three
types of equipment are the attributes of equipment. The distributor was assigned a weight
of 0.4, while the aggregate spreader and roller attributes were each assigned a weight of 0.3.
The distributor was assigned a higher weight because of the difficulties often encountered
with it and because of the importance of getting correct distribution of the binder.

Distributor

The role of the distributor is very important. It must be able to apply an even coat of
bituminous material at the correct rate to assure the aggregate will be properly bonded to
the existing surface. The distributor has many important instruments, such as a bitumeter,
a tachometer, a heater, and a thermometer, which need to be working to help the operator
apply the binder in the desired manner. The ten sub-attributes of the distributor are:
cleaned before use, equipped with a bitumeter that registers in feet/minute, bitumeter
visible to operator, bitumeter used by operator, equipped with a tachometer on the pump,
tachometer visible to operator, tachometer used by operator, equipped with a heater,
equipped with a full circulatory system including the spraybar, and thermometer visible to
operator. Each of these sub-attributes was assigned a weight of 0.10. The rating criteria
for each of them is yes, usually, sometimes, and no. Due to the nature of each of these sub-
attributes, the highest rating is always assigned to yes, the second highest rating to usually,
the next to lowest rating is assigned to sometimes, and the lowest rating is assigned to no.
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Cleaned before use

It is necessary to clean the distributor before use. Many different types of binders are used.
Most often, cutback asphalts and emulsified asphalts are used, and there are several types
of these. Contamination of the binder with material left in the distributor can be disastrous
to performance of the binder. Therefore, it is important to clean the distributor of any
leftover material before filling it with the material for a new job.

Equipped with a bitumeter that registers in feet/minute

The bitumeter is an instrument used by the operator to maintain the proper vehicle speed.
A speed is selected based on the pump speed, spraybar width, and desired spreadrate.
Maintaining the correct vehicle speed is necessary to achieve the desired binder application
rate. Thus, the distributor should be equipped with a bitumeter.

Bitumeter visible to operator

The bitumeter should be visible to the operator. Being able to monitor the vehicle speed
and maintain the correct speed is very important. Thus the operator needs to be able to
watch the bitumeter during application of the binder.

Bitumeter used by operator

As mentioned above, the bitumeter is an instrument which measures the speed of the
distributor in feet per minute. It is important that the operator uses this tool to assure that
the proper speed is maintained during application of the binder to achieve the desired
application rate.

Equipped with tachometer on the pump

The pump tachometer measures the speed of the pump. A selected pump speed which
corresponds with the desired spread rate, spraybar width, and vehicle speed must be
maintained. The tachometer is used to monitor the pump speed and maintain it at the
proper rate.

Tachometer visible to the operator

The operator should be able to view the tachometer during application. Maintaining it at
the correct speed is important to attain the proper application rate.
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Tachometer used by operator

The operator should use the tachometer to maintain the proper pump speed.

Equipped with a heater

A heater on the distributor is necessary to maintain the binder at the desired temperature.
If the binder becomes too cool, it can clog the spray nozzles and may not adhere as readily

to the surface and/or the aggregate. If an emulsion is heated too much, it can break in the
distributor.

Equipped with a full circulatory system including the spraybar

It is important to have a full circulatory system including the spraybar. This keeps the
binder circulating and does not allow it to cool in the spraybar. If the binder cools in the
spraybar, it can clog the spray nozzles.

Thermometer visible to the operator

A desired application temperature is determined for the binder. The operator needs to be
able to monitor the temperature to insure it is at the desired application temperature.
Temperatures too high could have adverse effects on the binder by causing it to break too
soon, while temperatures too low could cause the binder to clog the spray nozzles.

Aggregate Spreader

The aggregate spreader is used to spread the aggregate on the road surface after the binder
has been applied. The aggregate spreader should be able to spread a layer of aggregate that
completely and evenly covers the surface. It is not desirable to apply excessive amounts of
aggregate as this would not be economically feasible. In addition, excess stones displace set
stones when traffic is applied. If inadequate aggregate is applied, bare spots will appear.
Thus, the aggregate spreader should be capable of applying a layer that completely and
uniformly covers the entire surface, and is one stone thick. The three most commonly used
aggregate spreaders are the self-propelled, truck-attached mechanical spreader, and the tail
gate spreader. The rating for the aggregate spreader is based on which type is used.

The self-propelled aggregate spreader is the most preferred, and received the highest rating.

Because it has its own motor, it is better able to maintain a constant speed and deliver an
even spread. It is also more accurate, because the driver is facing the direction the spreader
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is travelling and has greater control on the direction of the spreader. The spreader box
width can be adjusted by opening or closing gates on the spreader box. A mechanical feeder
device helps deliver a uniform spread across the lane width (22).

The truck-attached mechanical spreader received the second-best rating. This is a hopper
which attaches to the back of a truck. The aggregate flows from the truck into the hopper
and is spread onto the surface. A mechanical feeder device helps to deliver a uniform
spread across the lane width (22). The truck driver must control the speed and the direction
of the spreader by driving the truck in reverse. This type of spreader is not as accurate as
the self-propelled, but is better than the tailgate spreader.

The tail gate spreader received the lowest rating, because it is the least accurate of the three
types of spreaders, and this type of spreader does not have a mechanical feeder device. The
truck driver must also control the speed and the direction of the spreader by driving the
truck in reverse. The tailgate spreader is attached to the back of a dump truck. The rate
of application is controlled by the opening of the truck tailgate and the speed of the truck.

Rollers

Rollers are used to seat the aggregate after it has been spread on the binder. The roller
applies pressure to the aggregate and pushes the aggregate into the binder, helping create
the desired bond between the aggregate and the binder. The two sub-attributes for rollers
are: roller used for seating aggregate, and tire pressures are correct and uniform. Both of
these received a weight of 0.5.

Rollers used for seating aggregate

This refers to the type of roller used to seat the aggregate. The three rating criteria which
have been listed are pneumatic, steel wheel, and none.

A pneumatic roller consists of inflated rubber tires which push the aggregate into the binder.
Each roller has several tires across the width of the roller. This type of roller is considered
best because it is capable of seating the aggregate in slight depressions, and it will not crush
the aggregate. The highest rating is assigned to the pneumatic roller.

A steel wheel roller will also help to seat the aggregate. However, this type of roller may
crush the aggregate and is not capable of seating the aggregate in depressions. This type
of roller is better than no roller at all, but it receives only a medium rating.

The third criteria, none, received the lowest possible rating because rolling immediately

after application of the aggregate is necessary to seat the aggregate and develop the desired
bond.
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Tire pressures are correct and uniform

This refers to the tire pressures of the pneumatic roller mentioned above. A tire containing
high pressure will apply more force to the aggregate than a._tire containing a low pressure.
The result of using a roller having tires with varying pressures may be a surface which has
some aggregate seated well, and some aggregate not seated very well. Therefore, all tires
should contain the same pressure to get a uniform seating of the aggregate across the width
of the lane. The rating criteria for this are yes, usually, sometimes, and no. The highest
rating was assigned to yes, and the lowest was assigned to no.

Construction

The construction rating criteria is divided into three attributes: application of binder,
application of aggregate, and rolling. Application of binder was assigned the highest weight,
0.4, because of the importance of getting the correct distribution of the binder. Application
of aggregate and rolling each received a rating of 0.3.

Application of the binder

The seven sub-attributes of application of the binder are: application temperature of binder,
building paper used at beginning and end of treatment, application rate of binder, uniform
spray applied, atomization noticed, streaking of the asphalt noticed, and handsprayer used
to touch up missed spots. The highest weight, 0.25, was assigned to application rate of
binder, as this is the single most important sub-attribute. Application temperature of binder,
uniform spray applied, and streaking of the asphalt noticed each received a weight of 0.20.
This is also a relatively high weight which indicates the importance of these sub-attributes.
Handsprayer used to touch up missed spots received a weight of 0.08, atomization noticed
received a weight of 0.05, and building paper used at the beginning and end of treatment
received a weight of 0.02. The low weights received by these last three sub-attributes reveal
they are not as critical as the others. ‘

Application temperature of the binder

The application temperature of the binder is an important detail. If the binder is too hot,
it can cause the emulsion to break early. If the binder is too cool, it can clog the spray
nozzles and may not adhere to the surface or the aggregate as well as it would at the proper
temperature. Several temperature ranges have been listed, and the best one to describe the
actual temperature based upon the desired temperature is chosen. The ranges are 12, 6,
+10, +15, and >+*15°F. The closer the temperature is to the desired temperature, the
higher the rating it will receive. Therefore the +2°F range receives the highest rating,
while the >#*15°F receives the lowest rating.
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Building paper used at beginning and end of treatment

Building paper is used to give a smooth construction joint, and also catches any extra binder
which might drip from the spraybar at the beginning or end of the binder application.
Although the lack of use will not damage the entire job, it can cause problems at the
construction joints at the beginning and end of the work section. Failure to use the paper
reduces the rating, but not nearly as much as an item which affects the entire job. The
rating criteria are yes, usually, sometimes, and no. The highest rating was assigned to yes
and the lowest to no.

Application rate of binder (gallons/square yard)

This is a measure of the amount of binder applied to the surface. Applying the correct
amount is extremely important. Too much binder will cause the seal to bleed. A loss of
cover aggregate will generally occur if inadequate binder is placed. Best results are
expected at the specified rate. Ranges for the actual application rate have been selected
with reference to the specified rate. The ranges are: +0.02, £0.04, £0.06, £0.10, and >+0.10
gallons/square yard. The range which best describes the actual application rate is chosen.
Higher rating values are given to values closer to the specified rate. Thus, the +0.02 range
received the highest rating, while the >+0.10 range received the lowest rating.

Uniform spray applied

This refers to the evenness of the applied binder. If the distributor’s spraybar or nozzles are
not properly adjusted, the spray of binder will be uneven. This would mean that some areas
of the road would receive an excess of binder, while other areas would receive too little.
An excess of binder may cause the pavement to bleed, while not enough binder might lead
to loss of aggregate. It is possible to apply the binder at the proper rate but not have a
uniform spray. Uneven application could cause some areas to bleed while others would lose
the cover aggregate. It is best to have a uniform spray. The rating for yes received the
highest value, and no received the lowest.

Atomization noticed

Atomization occurs when the spray of binder is so fine that the tiny particles drift in the
wind. This is an undesirable condition which could cause improper and uneven application
rates. Therefore, the highest rating value is given for no, and the lowest value is given for
yes.
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Streaking of the asphalt noticed

Streaking describes a condition where bare or nearly bare lines or spots are left on the
surface. This is usually caused by a clogged nozzle, or a nozzle that is not adjusted properly.
Aggregate will not adhere to the surface where streaking has occurred due to a lack of
binder. Streaking is a condition which should be avoided. An answer of yes to this question
receives a low rating value, while an answer of no receives a high rating value.

Handsprayer used to touch up missed spots

The handsprayer is a short spraybar which is attached to the distributor by a long hose. It
is operated by hand and used to apply binder to areas missed by the distributor. Use of the
handsprayer is only required if the distributor misses an area, or for small places not feasible
for the distributor, such as finishing intersections and widening transitions. The highest
rating was assigned to yes and the lowest to no.

Application of Aggregate

The six sub-attributes which fall under application of aggregate are: range of rate compared
to target rate, 0.20; aggregate is spread uniformly, 0.20; streaking of aggregate is noticed,
0.15; time between application of binder and spreading of aggregate, 0.20; aggregate is
clean, 0.15; and moisture condition of aggregate, 0.10.

Range of rate compared to target rate

The actual rate of aggregate applied is compared to the specified or target rate. The target
rate is that amount of aggregate determined in mix designs to cover the surface by leaving
as few voids as possible but being only one layer of stone thick. Excessive aggregate is not
desired as this can cause crushing of the aggregate if stones are on top of one another.
Excessive aggregate can also cause displacement of stones which are already set in the
binder, as the extra stone is pushed between the embedded stones. When set stones are
displaced, the binder attached to the stone is also removed. This leaves insufficient binder
available to hold the new stone which displaced the original stone. The new stone may be
easily removed by traffic or by brooming. The binder on the displaced stones also tends to
stick to vehicle tires creating windshield and headlight damage due to thrown stones. Not
having enough aggregate can leave bald spots on the surface and/or give a ragged surface.
These conditions can cause the surface to be rough, and may cause it to have a low skid
_resistance due to the lack of sufficient cover aggregate. Ranges have been given for the
rating criteria as follows: t1, +2, +4, +6, and >+*6 pounds/square yard. The most desired
range is +1 pounds/square yard, and it received the highest rating because it is almost
exactly the required rate. As the range increases in size, the ratings decrease. The lowest
rating was assigned to the largest range, >+6 pounds/square yard.
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Aggregate is spread uniformly

This refers to the evenness of the applied aggregate. It is possible to apply the asphalt at
the proper rate, but not have a uniform cover of aggregate. This could happen if the
aggregate spreader was not adjusted properly across its width, or if the spreader is not
maintained at a constant speed. A uniform spread is desired, thus the highest rating is
assigned to yes while the lowest is assigned to no.

Streaking of aggregate is noticed

Streaking of aggregate occurs when a portion of the spreader becomes blocked, and the flow
of aggregate is interrupted in a small area. This is seen as a bare strip on the surface as the
asphalt is not covered by the aggregate. Streaking is usually caused by deleterious material
in the aggregate and is an undesirable condition. The highest rating is given for no and the
lowest rating is given for yes.

Time between application of binder and spreading of aggregate

It is important to spread the aggregate and complete the rolling as soon as possible after
the binder has been applied. This provides the best condition for the aggregate to become
attached to the binder. Prolonged periods between the application of the binder and
spreading of the aggregate may allow the binder to skim or break prior to the aggregate
being seated. The ranges for the rating criteria are <10 seconds, 10 to 30 seconds, 30 to
60 seconds, 60 to 90 seconds, and >90 seconds. The <10 seconds range received the
highest rating. Lower ratings were assigned to ratings as the range of time increased. The
lowest rating was assigned to the range >90 seconds.

Aggregate is clean

A stronger bond can be developed between the binder and clean aggregate than with
aggregate which is dirty. Poor bonds develop with dirty aggregate because the asphalt bonds
to the fine material surrounding the aggregate instead of the stone. Loss of aggregate will
occur as the result of poor bonding. The highest rating was assigned to clean because the
strongest bonds will develop with clean aggregate. The second highest rating was assigned
to only slightly dirty as this condition will also generally develop a good bond. A condition
of somewhat dirty indicates that there is enough dirt present in the aggregate to interfere
with the asphalt developing a good bond with the aggregate, and this condition received a
mediocre rating. The lowest rating was given to the condition referred to as dirty. This
indicates that significant amounts of dirt are present and bonding will definitely be hindered.
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Moisture condition of aggregate

The moisture condition of the aggregate can affect the strength of the bond between the
binder and the aggregate. The following six terms are used to describe the moisture
condition of the aggregate: very dry, dry, only slightly damp, somewhat damp, slightly wet,
and wet. Very dry, dry, and only slightly damp aggregates will absorb water from the
emulsion. As the water from the emulsion is absorbed by the rock, the asphalt is pulled to
the surface of the rock. This absorption process can be beneficial to bonding, however dry
and very dry aggregates may absorb too much water from the emulsion and cause it to break
too soon. Only slightly damp is the best condition because the aggregate will not add water
to the emulsion, and is unable to absorb enough to cause breaking problems. Aggregates
which are somewhat damp, slightly wet, or wet may not develop a strong bond due to the
excess water in the stones. The excess water in the stone can form a film between the
binder and the aggregate preventing proper bonds from developing. The highest rating is
assigned to only slightly damp. Ratings decrease on either side of the only slightly damp
condition. The second highest rating was assigned to dry. The middle range of ratings were
assigned to somewhat damp, very dry, and slightly wet. Wet received the lowest rating.

Rolling

The rolling process pushes the aggregate into the binder. This process helps to develop a
stronger bond between the aggregate and binder as more binder attaches itself to the
aggregate. Rolling also causes stones which are standing on edge to lay flat in the binder,
thus developing stronger bonds due to increased surface area in contact between the
aggregate and binder. The seven sub-attributes and their weights are: rollers operate in a
longitudinal forward direction, 0.10; rollers exceed speeds of S miles per hour, 0.15; final
roller coverage is in direction traffic will travel, 0.10; rollers cover entire lane width in single
pass, 0.20; time between spreading of aggregate and beginning of rolling, 0.15; number of
coverages by roller(s), 0.15; and time required to complete rolling after aggregate is spread,
0.15.

Rollers operate in a longitudinal forward direction

The rollers should operate in a longitudinal forward direction. This is the fastest and easiest
way to cover the full lane. It also helps orient the aggregate in the direction of tire travel.
Turning on the unrolied surface can dislodge the cover aggregate. The highest rating for
this criteria was assigned to yes.

Rollers exceed speeds of 5 miles per hour

Rollers operating at speeds greater than 5 miles per hour may pick the aggregate up on the
tires and displace it. This causes problems when the aggregate is removed from its original
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position and falls on the surface with the sticky asphalt side turned upwards. The displaced
aggregate may attach itself to the wheels of additional roller coverages or traffic, leading to
problems caused by "flying" aggregate. It may cause more aggregate to be displaced or
possibly crushed. Roller operating speeds greater than S miles per hour are not desired.
The highest rating is assigned to no and the lowest is assigried to yes.

Final roller coverage is in direction traffic will travel

Making the final roller coverage in the direction that the traffic will travel leaves the
aggregate oriented in a position that is less likely to be displaced by traffic. This should
help to reduce the loss of aggregate. The highest rating is assigned to yes and the lowest
rating to no.

Rollers cover entire lane width in single pass

Seating the aggregate as soon as possible after it has been spread increases the likeliness
of developing a good bond. When the rollers are able to cover the entire lane width, all of
the aggregate can be rolled immediately behind the aggregate spreader. Therefore it is best
to have rollers capable of covering the entire lane width in a single pass. The highest rating
was assigned to yes and the lowest to no.

Time between spreading of aggregate and beginning of rolling

The rolling process seats the aggregate in the binder. Bonding begins soon after the
aggregate has been spread; therefore, it is important to seat the aggregate as soon as
possible. This will also avoid breaking bonds which might develop if rolling is delayed. Four
time ranges have been given ratings. The highest rating is given to the range <10 seconds.
The second best range is 10 to 30 seconds. The third best range is 31 to 60 seconds, and
the range with the lowest rating is >60 seconds.

Number of coverages by roller(s)

Each successive coverage by the rollers helps to seat the aggregate more densely. Three
coverages are usually sufficient; however, more than three are preferred. Five different
ratings have been listed. The highest rating is given to >3 coverages. The rating for 3
coverages is also very high. Ratings decrease slightly for 2 coverages, and decrease
significantly for only one coverage. The lowest rating is given for 0 coverages.
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Time required to complete rolling after aggregate is spread

Rolling should be completed as soon as possible after the aggregate is spread. Rolling is
more effective when completed early because the binder becomes stiff as it cures. Four
time ranges have been given ratings. The highest rating was assigned to <5 minutes. The
range of S to 15 minutes also received a high rating. A mediocre rating was assigned to the
15 to 30 minute range. The lowest rating was assigned to >30 minutes.

Curing / Traffic Control

This main attribute records information pertaining to the time allowed for the seal coat to
cure and the traffic control. The seven attributes and their weights are: estimated time
allowed for seal coat to cure after rolling, prior to traffic application, 0.20; traffic kept off
of surface until rolling completed, 0.20; length of time traffic was controlled after opening,
0.15; length of time between finish of rolling and brooming, 0.10; amount of aggregate
removed by broom, 0.10; maximum speed allowed during traffic control, 0.15; and method
used to control traffic speed, 0.10.

Estimated time allowed for seal coat to cure after rolling, prior to traffic application

Applying traffic to the surface before adequate bonding takes place may result in loss of
aggregate, since the traffic may remove the stones. The following six time ranges have been
defined as rating criteria: 0 to 0.5 hours, 0.5 to 1.0 hours, 1 to 2 hours, 2'to 4 hours, 4 to
6 hours, and >6 hours. Since greater bonding is likely to occur as curing time increases, the
highest rating was assigned to the >6 hours curing period. Lower ratings were assigned as
the curing periods decreased. The lowest rating was assigned to the shortest curing period,
0 to 0.5 hours.

Traffic kept off of surface until rolling completed

Traffic on the surface before rolling is completed could displace the aggregate. This causes
problems, as the displaced aggregate is likely to stick to the tires of the rollers and cause
other stones to be displaced. Traffic should be kept off of the surface until rolling is
completed. The highest rating was assigned to yes and the lowest to no.

Length of time traffic controlled after opening

Vehicles travelling at high rates of speed are more likely to remove aggregate from the
surface. It is important to control the speed of the traffic and keep it relatively low to avoid
this loss. The following six time ranges are used as the rating criteria: 0 to 0.5 hours, 0.5
to 1.0 hours, 1 to 2 hours, 2 to 4 hours, 4 to 6 hours, and >6 hours. Since increased curing
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time increases the bond, the longest period of traffic control listed, >6 hours, received the
highest rating. Ratings decrease as the curing time decreases. The lowest rating was
assigned to 0 to 0.5 hours.

Another factor to consider is the length of time between finish of rolling and brooming.
The broom is used to remove loose excess stones from the surface before traffic is applied.
This reduces the chance of windshield damage caused from stones thrown by other vehicles.
Increased curing time helps stronger bonds to develop between the binder and aggregate.
These stronger bonds are needed to avoid removal of the aggregate by the broom and the
traffic. The following six time ranges are used for rating criteria: 0 to 0.5 hours, 0.5 to 1
hours, 1 to 2 hours, 2 to 4 hours, 4 to 6 hours, and >6 hours. The highest rating was
assigned to >6 hours. Rating values decrease as curing time decreases. The lowest rating
was assigned to 0 to 0.5 hours.

Amount of aggregate removed by broom

The purpose of the broom is to remove the loose stones from the surface to avoid
windshield damage to the road users. Four ranges have been defined to describe the
amount of aggregate removed. The ranges are: none, very little, moderate, and significant.
The highest rating was assigned to none. The second highest rating was assigned to very
little. Both of these indicate good bonding between the aggregate and the binder as well
as the proper application rate. A low rating was assigned to moderate, and the lowest to
significant. Both of these indicate poor bonding between the aggregate and the binder or
an excessive aggregate application rate.

Maximum speed allowed during traffic control

This refers to the maximum vehicle speed allowed on the surface during traffic control.
Slower vehicle speeds reduce the amount of aggregate removed by the traffic. The following
four ranges have been defined: <20 miles per hour, 20 to 30 miles per hour, 30 to 40 miles
per hour, and >40 miles per hour. The highest rating was assigned to <20 miles per hour.
Rating values decrease for the ranges as the speed increases. The lowest rating was
assigned to >40 miles per hour.

Method used to control traffic speed

Some methods of traffic control are more effective than others. The four methods used as
rating criteria are: pilot vehicles, flagmen, signs, and none. Pilot vehicles receive the
highest rating. This is a vehicle which leads the traffic, forcing all other vehicles to travel
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at the desired rate of speed. Flagmen received the second highest rating. They are effective
at slowing vehicles down, but are unable to keep the vehicles at or below the desired rate

of speed. Signs received a low rating because drivers often disregard them. The lowest
rating was assigned to none.
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Slurry Seal Attributes and Rating Criteria

Descriptions of the various branches of the slurry seal rating tree are given in this chapter.
Rating criteria for the slurry seal treatment are divided among four main attributes:
environmental, surface condition, construction, and curing/traffic control. Each of these
four main characteristics have attributes and sub-attributes which are used to ultimately
produce an overall rating of the slurry seal surface treatment application process.

The main attributes, attributes, and sub-attributes are described separately. Each one has
an explanation of what it represents and justification for the weight assigned to it.
Justification for the ratings assigned to the rating criteria and the effect they have on the
surface treatment are also listed.

The descriptions begin with environmental, which is the first main attribute. All attributes,
sub-attributes, and rating criteria related to environmental are then described. The same
procedure is followed for the other three main attributes and their corresponding attributes,
sub-attributes, and rating criteria.

The following weights were assigned to the main attributes: environmental, 0.12; surface
condition, 0.12; construction, 0.66; and curing/traffic control, 0.10. The weights are based
on the expected relative importance of the main attributes and the number of rating criteria
within them. The large number of rating criteria associated with the construction attribute
and the importance of proper construction warrant the higher weight assigned to it.

Environmental

The environmental rating criteria is divided into two attributes; date of work and ambient
conditions. These are important items to be considered for a slurry seal, because warm
weather and long curing periods help stronger bonds to develop between the seal and the
existing surface. Date of work was assigned a weight of 0.3, and ambient conditions was
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assigned a weight of 0.7. The higher weight assigned to ambient conditions is attributed to
the three rating criteria associated with it compared to only one for date of work, and the
importance of temperature to the immediate success or failure of the treatment.

Date of work

This refers to the time of year in which the work is performed. It is important for
considering the impact of curing conditions expected based on average climatic conditions.
Long curing periods during warm weather are preferred because this allows maximum time
for the slurry seal to bond to the existing pavement surface. For most climates, the best
time is the period of May 15 - August 31. The climatic conditions during that period should
provide the warm temperature and adequate curing periods prior to cold weather. Work
performed before May 15 is expected to have cooler nights but longer curing periods than
work done after August 31, and is given a slightly higher rating value because of the longer
curing periods. However, in both of these time periods, the evening temperatures and
temperatures during the days immediately following the application could be much cooler
than desired. In some areas, such as those with very hot climates, this season will need to
be changed to avoid the hottest periods.

Ambient Conditions

Air temperature and relative humidity are sub-attributes of ambient conditions. Air
temperature received a weight of 0.8 and relative humidity received a weight of 0.2. The
higher weight for air temperature is due to the fact it has two rating criteria compared to
one for relative humidity, and because temperature has a greater impact on the curing
process than relative humidity.

Air temperature

Both the low and the high air temperature are recorded under the air temperature sub-
attribute. Temperature plays an important role in regard to the curing rate and the bond
developed between the seal and the surface. Low temperatures slow the curing process as
well as the separation of water from the slurry. High temperatures may cause the slurry to
skim or break in the spreader box. The weight assigned to low air temperature (0.6) is
higher than the weight for high air temperature (0.4) because low temperatures have more
affect on the development of strong bonds.

Low air temperature is the lowest temperature encountered during the construction process.
This will usually be the temperature at the beginning of the work, although cooler
temperatures may occur after work has begun. Ranges of below 60°F, 60 to 70°F, and
above 70°F are used to rate this sub-attribute. Below 60°F received the lowest rating
because low temperatures slow the curing process, which retards the development of the
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bond between the seal and the surface. Adequate bonding is expected when the low
temperature is between 60 and 70°F, but it received a rating slightly less than the best
condition which is above 70°F.

High air temperature is the highest temperature encountered during the construction
process. The ranges given for high air temperature are below 70°F, 70 to 95°F, 96 to
110°F, and above 110°F. Slow curing would be expected if the high air temperature is
below 70°F, and it has been assigned a relatively low rating. The highest rating was
assigned from 70 to 95 °F because it is the best condition for curing and bonding. The 96
to 110°F range was also assigned a high rating, but is not considered to be the best
condition because the high temperatures could cause the slurry to break prematurely. The
lowest rating belongs to the above 110°F range since temperatures this high may cause the
emulsion to break in the spreader box.

Relative humidity

The relative humidity effects the evaporation rate of the water in the slurry. Low humidity
will increase the evaporation rate, and may cause the slurry to break early. High relative
humidity can also be a hindrance, as the water may be slow to evaporate after the slurry
breaks. The following three ranges for relative humidity have been defined: below 40
percent, 40 to 80 percent, and above 80 percent. Below 40 percent received the lowest
rating as it could cause the slurry to break early. The 40 to 80 percent range received the
highest rating because it will not cause early breaking of the slurry, or significantly delay the
evaporation of the water after the slurry breaks. Above 80 percent has a rating between the
other two. Above 80 percent humidity may delay the curing by retarding water evaporation
after the slurry breaks.

Surface Condition

The pavement surface must be properly prepared and in good condition to obtain strong
bonds between the slurry seal and the old surface. Failure to do this will result in loss of
the slurry seal because it will not be sufficiently bonded to the initial surface. Condition at
time of treatment and initial existing surface preparation are attributes of surface condition.
A weight of 0.7 was assigned to condition at time of treatment because it has a three rating
criteria associated with it. Initial existing surface preparation was assigned a weight of 0.3,
as it has only one rating criterion.

Condition at time of treatment

Information recorded under this attribute describes how clean the pavement is, the amount
of moisture on the surface, and the pavement temperature during the application of the
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treatment. The weights assigned to the sub-attributes are 0.4 for how clean, 0.3 for
moisture, and 0.3 for pavement temperature. The higher weight assigned to cleanliness
indicates that it is slightly more critical than the other two sub-attributes.

How clean

A clean surface provides the best condition for strong bonds to develop between the slurry
and the surface. The application of a slurry seal to a dirty surface results in poor bonding
as the seal adheres to the dirt instead of the surface and may break away from the pavement
surface at some future time. How clean has possible ratings of clean, mostly clean,
somewhat dirty, and dirty. Clean was assigned the highest rating, mostly clean received the
second best rating, somewhat dirty received a low rating, and dirty received the lowest
rating.

Moisture

The presence of excessive moisture on the surface may slow the curing process, and may
also interfere with the bond between the surface and the seal if there is enough water
present to form a barrier between them. The rating criteria for this attribute are dry, mostly
dry, somewhat moist, and wet. The highest rating was assigned to mostly dry. Dry received
a slightly lower rating because the surface will absorb water from the slurry if it is not pre-
wet by the slurry machine. Somewhat moist received a slightly lower rating than the best
condition because of the problems associated with excessive moisture. The lowest rating was
assigned to wet.

Pavement temperature

The temperature of the slurry will almost immediately assume the temperature of the
pavement surface to which it has been applied. Low pavement temperatures may slow the
curing process. High pavement temperatures may cause the slurry to break before it can
be spread. Pavement temperature has ranges of below 60°F, 60 to 80°F, 81 to 110°F, 111
to 130°F, and above 130*F. The 81 to 110°F range received the highest rating because
problems associated with low and high temperatures are not present. The 60 to 80°F range
received the second best rating; however, slow curing problems associated with low
temperatures might be noticed. The third best rating was assigned to the 111 to 130°F
range. Problems associated with high pavement temperatures are possible within the 111
to 130°F range. The lowest ratings were assigned to below 60°F and above 130°F.
Application should not take place if the pavement temperature is below 60°F due to low
temperature problems. When the surface temperature is above 130°F, the slurry may break
prematurely.

46



Initial existing surface preparation

The four types of surface preparation are: none, sweep only, cold mill, and shot blast. A
slurry seal will adhere best to a surface which is clean and slightly rough. If the surface is
dirty, the seal will stick to the dirt, and may break away from the pavement surface at some
future time. A slightly rough surface provides more surface area for the seal to develop
adhesion with. A very rough surface would require more slurry material to fill the
depressions and would not be economical. The highest rating was assigned to shot blast,
while sweep only is rated only slightly less than shot blast. Sweep only is preferred to cold
mill because the cold mill surface may be excessively rough. The lowest rating was assigned
to none.

Construction

The construction rating criteria is divided into four attributes. The attributes and their
weights are: aggregate condition, 0.08; machine details, 0.54; application of slurry, 0.30; and
surface texture, 0.08. The high weights assigned to machine details and application of slurry
are attributed to the large amount of rating criteria associated with them and their
importance to the construction of a successful slurry seal.

Aggregate Condition

The sub-attributes, and their weights, for aggregate condition are: cleanliness, 0.7; and
moisture, 0.3. It can be seen from the assigned weights that cleanliness is more important
than moisture. This is because the slurry machine can compensate for the moisture by the
amount of pre-wet water added to the aggregate as it enters the mixing chamber.

Cleanliness

The aggregate should be free of any deleterious materials such as excess fines, grass, paper,
glass, or any other foreign substance. The presence of deleterious materials in the aggregate
may hinder cohesion of the slurry material, and may also reduce the bond between the
surface and the slurry. This will result in a material which is likely to be removed by traffic.
It may also cause streaking if debris inside the spreader box is unable to pass beneath the
rear squeegee and is dragged by the squeegee. The highest rating was assigned to clean.
The second highest rating was assigned to only slightly dirty. Somewhat dirty received a low
rating. The lowest rating was assigned to dirty.
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Moisture

The amount of moisture present in the aggregate must be taken into consideration.
Aggregates which are dry or very dry will absorb water from the emulsion and may cause
it to break. However, the slurry machine should be capable of pre-wetting the aggregate
upon its arrival to the mixer. Pre-wetting will usually prevent the aggregate from absorbing
water from the emulsion, thus the rating for dry and very dry aggregates are fairly high.
When too much moisture is present in the aggregate, the excess moisture may cause the
emulsion to become unstable. The bulking effect of the moisture on the aggregate must
also be considered, and the volume feed gate of the machine adjusted for it. This is because
the amount of dry aggregate in any given volume decreases as the moisture increases(9).
The best condition is when the aggregate is only slightly damp, so it received the highest
rating. A condition of somewhat damp received the second highest rating, and dry received
the third highest. The fourth best rating was assigned to two different conditions, very dry
and slightly wet. A very low rating was assigned to wet.

Machine Details

The slurry seal machine is a very important piece of equipment. The machine carries all
necessary materials, and is responsible for mixing the aggregate, emulsion, mineral filler, and
water in correct proportions to produce a stable slurry(9). It also spreads the slurry on the
pavement surface at a selected thickness. The following twenty sub-attributes are used to
rate the performance of the slurry machine: continuous flow of mixing; accurately
apportions mix components; discharges thoroughly mixed product continuously; aggregate
pre-wet immediately prior to mixing with emulsion; ingredients thoroughly blended in the
mixing chamber; metering device introduces predetermined proportion of mineral filler into
mixer; mineral filler fed at same time and location as the aggregate; fines feeder provided
for mineral filler; fog spray system used prior to seal; equipped with a mechanical type
squeegee distributor; flexible rear strikeoff kept in contact with pavement surface; working
steering device on spreader box; spreader box kept clean and free of buildup; was spreader
box overloaded; is spreader box evenly filled at all times; is any lumping, balling, or unmixed
aggregate noticed; is segregation of the emulsion and aggregate fines from the coarse
aggregate noticed; slurry remains well mixed in spreader box; is breaking of emulsion
noticed in spreader box; buildup of material along longitudinal and transverse joints. Each
sub-attribute received a weight of 0.5, and the rating criteria for each is listed as yes, usually,
sometimes, and no.

Continuous flow mixing

Continuous flow mixing is important to produce sufficient quantities of slurry for the
pavement surface because the machine is continuously moving forward. A break in the
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production of slurry while the machine is moving forward could result in a lack of slurry to
adequately cover the pavement surface. Yes received the highest value, and no received the
lowest.

Accurately apportions mix components

It is extremely important that the machine accurately apportion the mix components.
Failure to use the correct amount of any one of the mix components can have adverse
effects on the final product. Mineral fillers are important to produce a more stable slurry,
improve the gradation of the aggregate, and to help speed up or slow down the breaking of
the emulsion(9). The proper amount of emulsion must be used to coat the particles of
aggregate sufficiently enough with asphalt to bind them together and fill the pores. Too
much emulsion would cause the surface to bleed. Water is present in the emulsion and is
often present in the aggregate. Pre-wet water is used to bring the aggregate to the desired
moisture level immediately prior to mixing it with the emulsion. If too much water is used,
the slurry will become unstable. Not enough water may cause the slurry to break too soon.
The highest rating is assigned to yes, and the lowest rating is assigned to no.

Discharges thoroughly mixed product continuously

It is important for the slurry seal machine to discharge a thoroughly mixed product
continuously. Thorough mixing is necessary for a stable slurry. A continuous discharge is
necessary to provide adequate amounts of slurry because the machine is continuously
moving forward. The highest rating was assigned to yes, and the lowest to no.

Aggregate pre-wet immediately prior to mixing with emulsion

Pre-wetting the aggregate immediately prior to mixing with the emulsion is necessary to
prevent the aggregate from absorbing water from the emulsion. If the aggregate absorbs
too much water from the emulsion, it can cause the emulsion to break too soon. The
highest rating was assigned to yes, and the lowest to no.

Ingredients thoroughly blended in the inixing chamber

The mixing chamber is where the individual products are combined and mixed. Thorough
blending in the mixing chamber is necessary to produce a uniform mixture because no
further blending occurs after the mixture exits the chamber. Yes received the highest rating
and no received the lowest.
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Metering device introduces pre-determined proportion of mineral filler into
mixer

Mineral filler helps to produce a more stable slurry, improves the gradation of the
aggregate, and can be used to speed up or slow down the breaking of the emulsion(9). It
is important that the metering device introduces the pre-determined proportion of mineral
filler into the mixer to obtain the best slurry. The highest rating is assigned to yes, and the
lowest to no.

Mineral filler fed at same time and location as the aggregate

The mineral filler should enter the mixer at the same time and location as the aggregate so
it can be pre-wet with the aggregate and receive adequate mixing. Pre-wetting the mineral
filler will prevent it from absorbing water from the emulsion which could cause the emulsion
to break too soon. Yes received the highest rating and no received the lowest.

Fines feeder provided for mineral filler

The fines feeder is a metering device which can be set to deliver a pre-determined amount
of mineral filler. It is important to have a fines feeder to be certain the correct amount of
mineral filler is added to the slurry mixture. The highest rating was assigned to yes, and the
lowest to no.

Fog spray system used prior to seal

The fog spray system is a spray bar used to pre-wet the pavement surface ahead of the slurry
spreader box. This helps reduce friction and assists the asphalt emulsion to coat the surface
more uniformly(9). Yes was assigned the highest rating and no was assigned the lowest.

Equipped with a mechanical type squeegee distributor

The distributor, or spreader box, should be equipped with mechanical augers and
squeegees(9). The augers help distribute the slurry laterally. Use of the augers is often
necessary when working on slopes or when using a wide box. The purpose of the squeegees
are to contain the slurry in the box, and the rear squeegee also controls the slurry thickness.
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Flexible rear strikeoff kept in contact with pavement surface

The flexible rear strikeoff, or rear squeegee, should be kept in contact with the pavement
surface. This is important to keep the slurry at a uniform thickness. If the rear strikeoff
is allowed to lift off of the pavement surface, the slurry seal would be thicker than where
it was kept in contact. The highest rating was assigned to yes, and the lowest was assigned
to no.

Working steering device on spreader box

A steering device on the spreader box can be used to maneuver it in awkward situations
such as a cul-de-sac or knuckle. The steering device is more often needed on city streets
than on highways. The absence of a steering device is not usually critical, although it is best
to have it just in case it is needed. The highest rating was assigned to yes, and the lowest
to no.

Spreader box kept clean and free of buildup

The spreader box should be kept clean and free of buildup. Failure to do this may result
in clumps of old cured slurry contaminating the fresh slurry. Yes received the highest rating,
and no received the lowest.

Was spreader box overloaded

The spreader box should not be overloaded. Overloading would result in slurry overflowing
the walls of the spreader box. Slurry overflowing the rear and side walls of the spreader box
would cause the surface to be uneven. The highest rating was assigned to no, and the lowest
was assigned to yes.

Is spreader box evenly filled at all times

It is best to keep the spreader box evenly filled at all times. This will help avoid the
problem of not having enough slurry in the box to cover the box’s entire width. It may also
help to obtain a more even thickness on the completed surface, since gravity could force
more material under the rear squeegee of a full box than a near-empty box. The highest
rating was assigned to yes, and the lowest to no.
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Is any lumping, balling, or unmixed aggregate noticed

Lumping, balling, or unmixed aggregate in the slurry is not desired. These items indicate
poor mixing and will probably cause problems for the finished surface. Lumping and balling
may cause streaking if the lumps and balls are unable to pass beneath the rear squeegee and
are dragged along the surface. Unmixed aggregate will not bond with the rest of the slurry,
and will be displaced by future traffic leaving depressions in the surface. No received the
highest rating, and yes received the lowest.

Is segregation of the emulsion and aggregate fines from the coarse aggregate
noticed

Segregation of the emulsion and aggregate fines from the coarse aggregate indicates an
unstable slurry. Correct apportioning of all ingredients and proper mixing would not yield
a slurry with segregated materials. The highest rating was assigned to no and the lowest to
yes.

Slurry remains well mixed in spreader box

It is important that the slurry remains well mixed in the spreader box. Failure of this
indicates a problem either in the mixing of the materials or in the slurry breaking too soon.
The highest rating was assigned to yes, and the lowest to no.

Is breaking of emulsion noticed in spreader box

Breaking of the emulsion in the spreader box is an undesirable condition. A broken slurry
will not spread smoothly and may not adhere to the surface. The slurry may also crumble
and be removed by traffic if breaking occurs before the slurry is spread. No received the
highest rating, and yes received the lowest.

Buildup of material along longitudinal and transverse joints

Buildup of material along longitudinal and transverse joints may cause the surface to be
rough. A smooth surface provides the safest conditions for the road users, thus, and buildup
along the joints is undesirable. The highest rating was assigned to no, and the lowest to yes.
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Application of slurry

Information pertaining to the application of the slurry seal is recorded under this attribute.
The six sub-attributes and their weights are: application rate of bituminous material
compared to target rate, 0.15; was the application rate for bituminous material adjusted at
jobsite to correct for surface condition, 0.15; application rate of aggregate compared to
target rate, 0.15; application rate of mineral filler compared to target rate, 0.15; application
rate of slurry mixture compared to target rate, 0.20; actual application temperature of slurry
material, 0.20.

Application rate of bituminous material compared to target rate
(gallons/square yard)

Using the correct amount of bituminous material is very important. Too much could cause
the slurry seal surface to bleed. Not using enough might yield a slurry which would not
adhere properly and would crumble under traffic. Best results are expected at the specified
rate. Ranges for the actual application rate have been selected with reference to the
specified rate. The ranges are +0.01, +0.02, +0.04, +0.06, and >+0.06 gallons/square yard.
The range which best describes the actual application rate is chosen. Higher ratings are
assigned to the ranges which are closer to the specified rate. Therefore, the +0.01 range
received the highest rating, while the >+0.06 range received the lowest rating.

Was the application rate for bituminous material adjusted at jobsite to correct
for surface condition

A slight adjustment for the rate of bituminous material is sometimes needed. Some surfaces
may absorb more binder while other surfaces require less. Yes was assigned a high rating,
and no was assigned a low rating.

Application rate of aggregate compared to target rate (pounds/square yard)

It is very important to use the correct rate of aggregate. Using too little could result in a
surface which would bleed because the amount of asphalt would be too high. Too much
aggregate might yield a surface which would crumble because the amount of asphalt would
be too low to adequately bind the extra aggregate. Best results are expected at the specified
rate. Ranges for the actual application rate have been selected with reference to the
specified rate. The ranges are +1.0, +2.0, 3.0, +4.0, and > +4.0 pounds/square yard). The
range which best describes the actual application rate is chosen. Higher ratings are assigned
to the ranges which are closer to the specified rate. Thus, the +1.0 range received the
highest rating, while the >+4.0 range received the lowest rating.



Application rate of mineral filler compared to target rate (pounds/square yard)

Mineral filler helps to produce a more stable slurry, can speed up or slow down the breaking
of the emulsion, and can be used to improve the gradation of the aggregate(9). Using
mineral filler at the proper rate is very important to obtain the best results. Ranges for the
actual application rate have been selected with reference to the specified rate. The ranges
are +0.01, £0.02, +0.03, +0.04, and >+0.04 pounds/square yard. The range which best
describes the actual application rate is chosen. Higher ratings are assigned to the ranges
which are closer to the specified rate. Thus, the +0.01 range received the highest rating,
while the >+0.04 range received the lowest rating.

Application rate of slurry mixture compared to target rate (pounds/square
yard)

Slurry application will vary with surface texture. A rough surface will require more slurry
than a smooth surface. Inadequate surface sealing may result if the slurry application rate
is too low. Applying excessive amounts of slurry is not cost effective. Best results are
expected when the slurry is applied at the specified rate. Ranges for the actual application
rate have been selected with reference to the target rate. The ranges are +1.0, £2.0, +3.0,
$5.0, and >#5.0 pounds/square yard. The range which best describes the actual application
rate is chosen. Higher ratings are assigned to the ranges which are closer to the specified
rate. Thus, the 1.0 range received the highest rating, while the >+5.0 range received the
lowest rating.

Actual application temperature of slurry material

This is the temperature of the slurry after it has been mixed and delivered to the spreader
box. High temperatures of the slurry material should be avoided because the material may
break before it is spread. Low temperatures of the slurry material can slow down the
curing, and require longer periods of time for the material to break. The best temperature
range is 81 to 110°F, and it received the highest rating. The second best temperature range
is 60 to 80°F. It also received a fairly high rating. Application temperatures >110°F are
likely to cause premature breaking, thus the rating for this range is low. The lowest rating
was assigned to <60°F.

Surface texture

The surface texture sub-attributes and their weights are: type of drag used, 0.4; and surface
texture provided, 0.6. The resulting surface texture is more important than the type of drag
used.
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Type of drag used

The drag is a device which is attached to the back of the spreader box. It drags across the
surface of the slurry immediately behind the spreader box. The purpose of the drag is to
level any ripples or inconsistencies of the slurry surface and leave it smooth. The most
common type of drag is made of a burlap material, and it received the highest rating. Other
types of materials can be used, but are not generally considered as good as burlap. The
rating for other is considerably less than the rating for burlap. The lowest rating was
assigned to none.

Surface texture provided

The skid- and moisture-resistance of the surface are considered under this sub-attribute.
Skid resistance is very important for safety reasons, while moisture resistance is important
for preservation of the pavement. Rough and smooth are the terms used to describe skid-
resistance. A rough surface has good skid resistance, while a smooth surface has a poor skid
resistance. A tight surface is one which is impervious to moisture, while an open surface
may be susceptible to moisture penetration. Surfaces which are somewhat smooth and tight
receive the highest rating. Somewhat smooth and open was assigned the second highest
rating. Rough and open was assigned the lowest rating, along with smooth and tight.

Curing / Traffic Control

Information pertaining to the time allowed for the slurry seal to cure and the traffic control
are recorded under this main attribute. The four attributes and their weights are: estimated
time between application and opening section to reduced speed traffic, 0.40; maximum
reduced speed allowed, 0.20; estimated time between application and opening section to full
speed traffic, 0.25; and method used to control traffic speed, 0.15.

Estimated time between application and opening section to reduced speed traffic

This is the length of time the slurry is allowed to cure before traffic is permitted on it.
- Longer periods give the seal more time to cure. Short curing periods may yield a tender
surface which is vulnerable to vehicular traffic. The following four time ranges have been
defined: >3 hours, 2 to 3 hours, 1 to 2 hours, and <1 hour. The highest rating was
assigned to >3 hours. The 2 to 3 hour range also received a high rating. A fairly low rating
was assigned to 1 to 2 hours. The lowest rating was assigned to <1 hour.



Maximum reduced speed allowed

This refers to the maximum vehicle speed allowed on the surface during traffic control.
Slower vehicle speeds are preferred because they are less likely to damage the surface, and
they provide an initial compaction which may be beneficial. The following four ranges have
been defined: <20 miles per hour, 20 to 30 miles per hour, 30 to 40 miles per hour, and
>40 miles per hour. The highest rating was assigned to <20 miles per hour. Rating values
decrease for the ranges as the speed increases.

Estimated time between application and opening section to full speed traffic

This is the length of time the slurry is allowed to cure before full speed traffic is allowed.
Longer curing periods are preferred because the surface becomes more resistant to damage
by the traffic. The following five time ranges have been defined: >8 hours, 5 to 8 hours,
3 to 5 hours, 2 to 3 hours, and <2 hours. The highest rating was assigned to >8 hours.
Rating values for the ranges decrease as the curing time decreases.

Method used to control traffic speed

As discussed in Chapter 4, pg. 40, some methods of traffic control are more effective than
others. Of the four methods rated - pilot vehicles, flagmen, signs, and none - pilot vehicles
received the highest rating, flagmen the second highest; signs were rated low because drivers
often ignore them, and the lowest rating was assigned to none.
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Crack Seal Attributes and Rating Criteria

Descriptions of the various branches of the crack seal rating tree are given in this chapter.
Rating criteria for the crack seal surface treatment are divided among four main attributes:
environmental, surface conditions, construction, and curing. Each of the four have attributes
and sub-attributes which are used to ultimately produce an overall rating of the crack seal
surface treatment application process.

The main attributes, attributes, and sub-attributes are described separately. Each one has
an explanation of what it represents and justification for the weight assigned to it.
Justification for the ratings assigned to the rating criteria and the effect they have on the
surface treatment are also listed.

The descriptions begin with environmental, which is the first main attribute. All attributes,
sub-attributes, and rating criteria related to environmental are then described. The same
procedure is followed for the other three main attributes and their corresponding attributes,
sub-attributes, and rating criteria.

The following weights were assigned to the main attributes: environmental, 0.15; surface
conditions, 0.15; construction, 0.55; and curing, 0.15. The weights are based on the expected
relative importance of the main attributes and the number of rating criteria within them.

Environmental

The environmental rating criteria is divided into two attributes: date of work and ambient
conditions. These are very important items to be considered when sealing cracks because
of the effects of thermal expansion and contraction of the pavement, and curing of the
sealant. Date of work was assigned a weight of 0.3, and ambient conditions was assigned
a weight of 0.7. The higher weight assigned to ambient conditions is attributed to the three
rating criteria associated with it compared to only one for date of work.
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Thermal changes in the pavement cause changes in crack widths. This occurs as pavement
contraction during cool weather results in increased crack widths, whereas warm weather
causes expansion of the pavement, thus decreased crack widths. Crack sealing should be
avoided during periods of significant pavement contraction or expansion to prevent problems
which may result from the use of too much or too little sealant. Cracks are widest during
periods of significant pavement contraction, and the reservoir (crack) is capable of holding
more sealant material than is necessary to adequately seal the crack. The excessive material
will be squeezed from the crack when the pavement expands, resulting in tracking problems,
as the material may stick to the tires of the traffic and be pulled out of the crack. On the
other hand, the small reservoirs present during periods of significant pavement expansion
are not capable of holding enough sealant to withstand the strain which will develop when
the pavement contracts. This will usually result in the sealant breaking free from one of the
crack walls.

Warm weather provides the best conditions for the development of bonds between the
sealant and the pavement. Adhesion problems may occur if the sealant is applied during
cold weather because the air temperature and the pavement can cause the sealant to cool
too rapidly, creating strain in the sealant before adequate bonds can develop. Hot weather
may also present problems as the sealant may not be able to set up within a reasonable
amount of time.

Date of work

This refers to the time of year in which the work is performed. It is important for
considering the impact of curing conditions expected based on average climatic conditions.
For most climates, the best time to seal cracks is either April 16 - June 15, or September
16 - November 15. These two rating criteria received the highest rating. The climatic
conditions during these periods should provide the warm temperature and adequate curing
periods for strong bonds to develop between the sealant and crack walls prior to hot or cold
weather. The width of the cracks during these two periods are expected to be optimum for
crack sealing as the pavement should not be experiencing either extreme contraction or
expansion. The period of June 16 - September 15 received a lower rating because the high
temperatures expected during that time keep the sealant from setting up, thus tracking may
become a problem. Expansion of the pavement will also cause problems during this period
as the crack widths are reduced and thus, not enough sealant can be placed in the crack to
withstand the strain which will develop during cold weather. The lowest rating was assigned
to the ranges before April 15 and after November 15. In both of these time periods, the
temperatures are expected to be much cooler than desired, and problems associated with
pavement contraction and rapid cooling of the sealant are likely to occur.

Ambient Conditions

Air temperature and relative humidity are sub-attributes of ambient conditions. Air
temperature received a weight of 0.9 and ambient conditions received a weight of 0.1. The
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higher weight for air temperature is because it has two rating criteria compared to one for
relative humidity, and because temperature has a greater impact on the curing process than
relative humidity. ‘

Air temperature

Both the low and the high air temperature are recorded under the air temperature sub-
attribute. Temperature plays an important role in regard to expansion and contraction of
the pavement, and the development of bonds between the sealant and crack walls. Low
temperatures may cause the sealant to cool before strong bonds develop, and may cause the
pavement to contract. High temperatures may prevent the sealant from setting up, and may
cause expansion of the pavement. The weight assigned to low air temperature (0.6) is
higher than the weight for high air temperature (0.4) because low temperatures have more
effect on the development of strong bonds.

Low air temperature is the lowest temperature encountered during the construction process.
This will usually be the temperature at the beginning of the work, although cooler
temperatures may occur after work has begun. Ranges of below 60°F, 60 to 70°F, and
above 70°F are used to rate this sub-attribute. Below 60°F received the lowest rating
because low temperatures rapidly cool the sealant, and may cause strain to develop within
the sealant before it sets up. Adequate bonding is expected when the low temperature is
between 60 and 70°F, but it received a rating slightly less than the best condition which is
above 70°F.

High air temperature is the highest temperature encountered during the construction
process. The ranges given for high air temperature are below 70°F, 70 to 95°F, 96 10
110°F, and above 110°F. Rapid cooling of the sealant resulting in early development of
strain is expected if the high air temperature is below 70°F, thus it has been assigned a
relatively low rating. The highest rating was assigned to 70 to 95°F because it is the best
condition for curing and bonding. The 96 to 110°F range was also assigned a high rating,
but is not considered to be the best condition because the high temperatures could cause
the sealant to be slow to set up and may cause some expansion of the pavement. The
lowest rating belongs to the above 110°F range, as temperatures this high are likely to cause
problems with the sealant setting up and also cause the pavement to expand.

Relative humidity

The relative humidity can have an impact on the effectiveness of crack sealing as a result
of the drying effect it has on moisture in the cracks. Moisture in the crack can hinder or
prevent the development of good bonds between the sealant and the crack walls. This
happens because the hot sealant can cause the moisture in the crack to form steam which
may form a pocket between the sealant and the crack wall. High humidity can have an
impact on the curing of some sealants. The following three ranges for relative humidity
have been defined: below 40 percent, 40 to 80 percent, and above 80 percent. Below 40
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percent received the highest rating. Low humidity is preferred because it provides the best
drying condition, thus below 40 percent received the highest rating. The 40 to 80 percent
range received the second highest rating as adequate drying is expected. Above 80 percent
received the lowest rating as this condition may present drying problems if there is any
moisture in the crack.

Surface Conditions

The surface conditions have a significant impact on the effectiveness of crack sealing.
Condition at time of treatment and primary type of cracks are attributes of surface
conditions. A weight of 0.6 was assigned to condition at time of treatment because it has
three rating criteria associated with it. Primary type of cracks were assigned a weight of 0.4,
as it has only one rating criterion.

Condition at time of treatment

Information recorded under this attribute describes how clean the pavement is, the amount
of moisture on the surface, and the pavement temperature during the application of the
treatment. The weights assigned to the sub-attributes are 0.3 for how clean, 0.4 for
moisture, and 0.3 for pavement temperature. The higher weight assigned to moisture
indicates it is slightly more critical than the other two sub-attributes.

How clean

A clean surface provides the best condition for crack sealing because debris on the surface
may get into the cracks and contaminate the sealant or prevent the sealant from developing
good bonds with the crack walls. The application of sealant to a dirty surface results in poor
bonding as the sealant adheres to the dirt instead of the crack walls, and the sealant may
break away from the crack walls at some future time. How clean has possible ratings of
clean, mostly clean, somewhat dirty, and dirty. Clean was assigned the highest rating, mostly
clean received the second best rating, somewhat dirty received a low rating, and dirty
received the lowest rating.

Moisture

The presence of moisture on the surface is likely to interfere with the bond between the
sealant and the crack walls as it will be difficult to keep the crack dry during sealing. Poor
bonding results if moisture is present in the crack because the hot sealant will cause steam
to develop. The steam can form a barrier or pocket between the sealant and crack walls.
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The rating criteria for this attribute are dry, mostly dry, somewhat moist, and wet. The
highest rating was assigned to dry. The ratings decrease as the surface moisture increases,
thus wet received the lowest rating.

Pavement temperature

The temperature of the sealant will almost immediately assume the temperature of the
pavement surface to which it has been applied. Low pavement temperatures may cool the
sealant too rapidly, causing the development of strain in the sealant between the cooled
sealant and the warm sealant. The rapid cooling may also cause the sealant to become stiff
before it is able to flow and fill the voids of the crack walls. This will result in poor bond
development as the sealant will not come into good contact with the whole surface of the
crack wall. High pavement temperatures may cause the sealant to remain in a very soft, or
even liquid state, keeping the sealant from setting up. Pavement temperature has ranges
of below 60°F, 60 to 80°F, 81 to 110*F, 111 to 130°F, and above 130°F. The 81 to 110°F
range received the highest rating because problems associated with low and high
temperatures are not present. The 60 to 80°F range received the second best rating;
however, premature cooling of the sealant might be noticed. The third best rating was
assigned to the 111 to 130°*F range. Problems with the sealant setting up are possible within
the 111 to 130°F range. The lowest ratings were assigned to below 60°F and above 130°F.
Application should not take place if the pavement temperature is below 60°F due to
pavement contraction and rapid cooling of the pavement. When the surface temperature
is above 130°F, the sealant may not set up, and expansion of the pavement will be a
problem.

Primary type of cracks

The six types of cracks being rated are: alligator, edge, block only, longitudinal, reflection,
and transverse. The benefits of crack sealing vary depending upon the types of cracks
present. It is effective for sealing surface cracks to prevent moisture penetration if there is
no structural damage present. However, cracks resulting from structural failure of the
pavement, such as alligator cracks, receive very little benefit from sealing. It is most
effective for longitudinal, reflection, and transverse cracks, and these three received the
highest rating. The second highest rating was assigned to block only. The third highest
rating was assigned to edge crack. The lowest rating was assigned to alligator.

Construction

The construction rating criteria is divided into five attributes. The attributes and their
weights are: routing, 0.15; crack conditions, 0.25; sealant temperatures, 0.15; sealant
application, 0.30; and finished sealant, 0.15. Sealant application received the highest weight
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because of the large number of rating criteria related to it. Crack conditions received a high
weight because of the number and the importance of the rating criteria within it.

Routing

The purpose of routing is to make a crack wider, allowing a greater width of sealant to be
placed in the crack. Increasing the width of the sealant reduces the strain which develops
within the sealant during cold weather when the pavement shrinks, causing cracks to become
wider. To be effective, the sealant must be able to withstand the strain which develops and
remain bonded to the pavement on both sides of the crack as the crack widens.

Routing is a procedure used mainly in cold weather regions and may not be considered
necessary in warm climates. The rating criteria related to routing is included in this rating
method to accommodate for those regions where routing is required. In regions where
routing is not required, the rating criteria is considered "not applicable”". To avoid reducing
the overall crack seal rating, a default rating value of 1.0 is used in the calculations for all
rating criteria considered "not applicable.”

The routing sub-attributes and their weights are: transverse cracks routed, 0.65; longitudinal
cracks routed, 0.30; and routing accomplished in one pass, 0.05. The change in width of a
crack due to thermal expansion and contraction is proportional to the length of pavement
on each side of the crack. Therefore, the change in longitudinal crack width is limited by
the width of the pavement surface and is usually much less than the change in width for
transverse cracks. This explains the higher weight assigned to transverse cracks. Routing
accomplished in one pass received a very low weight because it is much less important than
the other two sub-attributes. Rating criteria for each of the three sub-attributes are yes,
usually, sometimes, and no.

Transverse cracks routed

- Routing of transverse cracks is important. It increases the sealant reservoir width, enabling
the sealant to expand with less strain. The highest rating is assigned to yes, and the lowest
is assigned to no.

Longitudinal cracks routed

Routing of longitudinal cracks is important to reduce strain in the sealant. The highest
rating is assigned to yes, and the lowest to no.
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Routing accomplished in one pass

A much smoother and straighter. crack edge results when routing is accomplished in one
pass. Construction time and costs can also be reduced. The highest rating is assigned to
yes, and the lowest to no.

Crack conditions

The condition of a crack immediately prior to sealing is very important for the development
of strong bonds between the sealant and the crack walls. Strong bonding is imperative to
withstand the strain which develops in cold weather. Failure of the sealant to remain
adhered to crack walls allows moisture to enter through the crack. The five sub-attributes
and their weights are: cracks are clean, 0.35; cracks are dry, 0.30; hot air lance used, 0.10;
asphalt around crack charred after heating, 0.15; crack still hot from air lance when sealant
applied, 0.10. As reflected by the weights, cracks are clean and cracks are dry are the two
most important sub-attributes. Rating criteria for the five sub-attributes are yes, usually,
sometimes, and no.

Cracks are clean

The cracks must be clean for adequate bonding to develop between the sealant and the
crack walls. If the cracks are not clean, the sealant will bond to the debris in the crack
instead of the crack wall and will not be effective in preventing moisture from entering
through the crack. The highest rating was assigned to yes and the lowest to no.

Cracks are dry

The cracks must be dry. Moisture in the cracks at the time of sealing will prevent the
development of proper bonds between the sealant and crack walls. The highest rating was
assigned to yes and the lowest to no.

Hot air lance used

The hot air lance is a device which delivers hot air through a nozzle at a high velocity. It
is very beneficial for cleaning debris from the cracks, and heats the pavement surrounding
the crack. Heating the pavement helps the sealant bond to the pavement. The hot air lance
also helps to remove some moisture, but is not effective if water is present on the pavement
surface. The highest rating was assigned to yes and the lowest to no.
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Asphalt around crack charred after heating

The hot air lance should not be allowed to char the asphalt. This happens when the
pavement becomes so hot that the asphalt burns and becomes damaged. Charring may
prevent strong bonds from developing, and may also result in the charred asphalt breaking
loose from the pavement. The highest rating was assigned to no and the lowest to yes.

Crack still hot from air lance when sealant applied

The sealant is more likely to develop strong bonds with the walls of the crack if they are still
hot when the sealant is applied. The highest rating was assigned to yes and the lowest to
no.

Sealant temperatures

Monitoring sealant temperatures is very important to receive maximum performance from
the sealant. The manufacturer’s recommended application temperatures should be followed.
Maximum adhesive properties of the sealant are not present at low temperatures, especially
for polymer modified sealants which require a certain temperature to be reached to assure
the polymers are properly mixed. If the sealant reaches temperatures which are too high,
damage can occur to the sealant and may cause it to become brittle.

When the sealant is applied at temperatures lower than the manufacturer recommends,
inadequate bonding is likely to result. Low application temperatures may also hinder the
ability of the sealant to fill the cracks due to increased viscosity of the sealant.

The three sub-attributes and their weights are: actual temperature of sealant at beginning
of application, 0.35; actual temperature of sealant at end of application, 0.35; and number
of times sealant was reheated, 0.30.

Actual temperature of sealant at beginning of application

This is the temperature of the sealant when crack sealing begins. Four temperature ranges
have been defined and are used to rate the actual temperature as it compares to the target
temperature. The ranges are + 2°F, +5°F, +10°F, and >+10°F. The range which best
describes the actual temperature is selected. The highest rating was assigned to +2°F. The
second highest rating was assigned to +5°F. The third highest rating was assigned to +10°F.
The lowest rating was assigned to >+10°F.
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Actual temperature of sealant at end of application

This is the temperature of the sealant at the end of crack sealing. The same temperature
ranges and ratings were used for this sub-attribute as mentioned in the previous sub-
attribute.

Number of times sealant was reheated

This refers to the number of times the sealant was reheated after it had cooled below the
recommended temperature. Four ranges have been defined to rate this sub-attribute. The
ranges are 0-1, 2, 3, and >3. Damage may occur to the sealant if it is reheated too many
times. The highest rating was assigned to 0-1. The second and third highest ratings were
assigned to 2 and 3 respectively. These ratings were only slightly less than the highest
rating. A significantly lower rating was assigned to >3.

Sealant application

Information relative to the equipment and procedures used to apply the sealant is recorded
under this attribute. The eight sub-attributes and their weights are: backflushed hose, 0.15;
crack-filled flush, 0.10; sealant chamber heated, 0.15; hose between wand and sealant
chamber heated, 0.15; material in chamber under constant agitation, 0.10; thermometer
visible to the engineer, 0.10; blotting material used on cracks, 0.10; and distance between
applicator wand and squeegee, 0.15. The four sub-attributes which received a weight of 0.15
are slightly more important than the others because they are related to items vital to the
application temperature and placement of the sealant.

Backflushed hose

Backflushing clears the hose of sealant material which may have cooled in the hose.
Backflushing is necessary anytime the application of sealant has been delayed for a period
greater than 15 minutes. This will reduce the possibility of applying the sealant at low
temperatures which might hinder proper bonding. The highest rating was assigned to yes,
and the lowest to no.

Crack filler

The crack filler, or applicator wand, should be flushed for the same reasons mentioned
above for the hose. The highest rating was assigned to yes, and the lowest to no.
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Sealant chamber heated

It is very important that the sealant chamber is able to maintain the sealant at the desired
temperature. The sealant will not adhere properly if applied at a temperature below the
manufacturer’s recommendations. The highest rating was assigned to yes and the lowest to
no.

Hose between wand and sealant chamber heated

A hose which is heated is very beneficial. It reduces the problem of the sealant becoming
cooled in the hose. The highest rating was assigned to yes and the lowest to no.

Material in chamber under constant agitation

Agitation of the sealant material is necessary to keep it at a uniform temperature. Without
agitation, the sealant near the heating source would be much warmer than the rest of the
sealant. Thus, agitation helps to keep the sealant near the heating source from becoming
too hot and keeps the sealant in the chamber at a uniform temperature. The highest rating
was assigned to yes and the lowest to no.

Thermometer visible to the engineer

It is important for the engineer to be able to monitor the temperature of the sealant.
Damage may occur to the sealant if it is overheated. However, sealant which is below the
manufacturer’s suggested application temperature should not be applied until it has been
heated to the proper temperature. The sealant chamber thermometer should be visible to
the engineer. The highest rating was assigned to yes and the lowest to no.

Blotting material used on cracks

Blotting materials are sometimes spread on sealant to soak up the excess sealant. They are
not to be used in this study. The highest rating was assigned to no and the lowest to yes.
Distance between applicator wand and squeegee (feet)

It is best for the squeegee to follow directly behind the applicator wand. The temperature
of the sealant will reduce rapidly after being applied by the wand. Finishing the placement
of the sealant as soon as possible after it has been applied is important because it should
not be disturbed after it has cooled, for to do so can prevent proper bonding from

66



developing. Four ranges have been defined for rating purposes. The highest rating was
assigned to <3 feet, the second highest rating was 3 to S feet, and the third highest 5 to 10
feet. The lowest rating was assigned to > 10 feet.

Finished sealant

The three sub-attributes of finished sealant and their weights are: average width of
completed sealed crack (inches), 0.35; thickness of finished sealant, 0.35; and approximate
average thickness of sealant above or below pavement surface (inches), 0.30.

Average width of completed sealed crack (inches)

When the squeegee is passed over the applied sealant, the extra sealant is smeared to the
pavement on both sides of the crack. The total width of the smear is measured. Widths
greater than 2 inches indicate too much sealant was applied. Four ranges have been defined
for rating purposes. The highest rating is assigned to <2 inches. The second highest rating
is assigned to 2 to 3 inches, and the third highest to 3 to 4 inches. The lowest rating is
assigned to >4 inches.

Thickness of finished sealant

The thickness is based on how the sealant compares to the surrounding pavement. If the
sealant is level with the surface, it receives the highest rating. This indicates enough sealant
in the crack to adequately seal it. The second highest rating is given when the sealant is
recessed. The lowest rating is given when the crack is overfilled. The sealant is subject to
being pulled out of the crack by traffic if the crack is overfilled, a resuit of the wheels of the
traffic constantly making contact with the sealant.

Approximate average thickness of sealant above or below pavement surface
(inches)

Seven ranges have been used to define the rating of the sealant thickness. The highest
rating is assigned to two ranges, the 0.00 (level) range and the -0.10 (below surface) range.
The second highest rating is for -0.20 inches. The third highest rating is for a sealant which
is +0.10 inches. Two ranges have the next to lowest rating, the +0.20 and the >-0.20
ranges. The lowest rating belongs to the > +0.20 range.
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Curing

This main attribute contains information pertaining to the time allowed for the sealant to
cure. The three attributes and their weights recorded under this main attribute are: time
between completion of crack preparation and placement of sealant (minutes), 0.20; time
between completion of crack sealing and opening to traffic at end where sealing began
(hours), 0.40; and time between completion of crack sealing and opening to traffic at end
where sealing ended (hours), 0.40.

Timie between completion of crack preparation and placement of sealant (minutes)

The hot air lance cleans debris from the crack and heats the pavement on both sides of the
crack. Placing the sealant immediately after the hot air lance is used is important to take
advantage of the sealant’s ability to adhere more readily to a warm surface. A delay in the
application of the sealant may allow the pavement to cool, thus losing the benefits of using
the hot air lance. Five time ranges have been selected for rating criteria. They are <1
minute, 1 to 2 minutes, 2 to 5 minutes, S to 10 minutes, and >10 minutes. The highest
rating was assigned to <1 minute. Ratings decrease as the time range increases, thus the
lowest rating was assigned to > 10 minutes.

Time between completion of crack sealant and opening to traffic at end where
sealing began (hours)

It is important to allow time for the sealant to cure before traffic is applied to the pavement.
This attribute is concerned with the elapsed time between the completion of crack sealing
and the opening to traffic at the location where crack sealing began. Traffic on the surface
before adequate curing takes place may damage the bond between the sealant and the
pavement and may also result in the sealant being removed from the crack if it sticks to the
tires of the traffic. The following five time ranges have been selected as rating criteria; <1
hour, 1 to 2 hours, 2 to 4 hours, 4 to 8 hours, and >8 hours. The highest rating was
assigned to >8 hours. Ratings decrease as curing time decreases, thus the lowest rating was
assigned to <1 hour.

Time between completion of crack sealing and opening to traffic at end where
sealing ended (hours)

The same time ranges and ratings mentioned in the previous attribute apply to this attribute.
This one differs as it is concerned with the elapsed time between the completion of crack
sealing and the opening to traffic at the location where crack sealing ended.
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Lessons Learned

General

The following are observations recorded by H-101 staff, Project Engineers, and RCOC staff
before, during, and after the application of the H-101 treatments. Many of these "Lessons
Learned" are the result of extremely careful examination of the process of applying the H-
101 maintenance treatments. However, these assertions are specific to the H-101 program
and should receive more study before attempting to convert these observations into general
practice.

1.

Federal and State agencies can work together in a complex construction oriented
research project and complete it in a relatively short period of time.

Some agencies will not accept certain treatments no matter how well they are
applied. For example, an agency prejudiced against the use of a chip seal on
Interstate type highway would, if there were any problems associated with the
treatment, remove the treatment as unsafe, even though it was performing well.

The North Central region noted that the practice run of all applications at the
demonstration site was very helpful for the contractor to check his equipment and
procedures. It was also helpful for the Project Engineer to get acquainted with the
operation, sequence of construction, and personnel (SHRP representatives, interested
parties, and contractor personnel) involved. This response was echoed in the other
regions.

The North Central region also noted that the weather, both temperature and
humidity, had a significant impact on set times for the chip and slurry seal
applications. Generally, conditions favorable for one were unfavorable for the other.
Higher air and pavement surface temperatures would help the slurry seal lose water
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and set, but would keep the chip seal too tacky to allow traffic. Cooler temperature
seemed to quicken the set for the chip seal, but would delay evaporation and setting
of the slurry seal. High humidity did not seem to slow setting of the chip seal, but
definitely retarded the setting of the slurry seal.

It was the intent of the specifications, and of then Project Engineer, to complete each
test site in it’s entirety during one day. In most cases, this may not have been in the
best interest of good research efforts. As noted above, ideal conditions for one
application did not necessarily suit the requirements of another application. The
North Central Project Engineer would have preferred to place the chip seal
applications and then allow controlled, low speed traffic to work this application
prior to brooming. The NC Project Engineer believed that this would have resulted
in a much better setting of the chips and much less chip displacement would be
experienced than that caused by an early brooming. A variation of this procedure
was done in the other regions.

Chip Seal Design

1. No uniform design is used for chip seals, and no best procedure has been identified
by research. None was identified during the course of the research. However,
factors that should be a part of this design have been identified. They are listed
below.

2. Embedment of aggregate should be included in chip seal design to help determine
the size of aggregate to be used.

3.  Applying too much aggregate, or asphalt, is as bad or worse as not applying enough.

4.  Upper, as well as lower, temperature limits should be included in the specifications.

S.  The Southern region noted that the chip seals placed on "popcorn mixes", or open-
graded surfaces, required much more emulsion than we originally estimated.

6.  Slightly damp chips seemed to work better than dry or wet chips.

Chip Seal Distributor

1. Asphalt distributors are not being calibrated for transverse application rate, and
should be. However, the current ASTM procedure for asphalt distributor calibration
is laborious and needs to be simplified.

2. Many pavements would have benefitted if we were able to apply a different asphalt
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application rate in the wheelpaths than between the wheelpaths. This is possible
through the use of different size nozzles.



Chip Spreader

1.

Chip spreaders that kick the aggregate backward reduce aggregate rollover and
reduces pickup of the aggregate on tires. The chip spreader in the North Central
region was a variable width type machine. One half of the width had a plate that
kicked the aggregate forward, while the other half had a plate that kicked the
aggregate backward. The aggregate that was kicked backwards would fall vertically
with little or no horizontal velocity and were therefore not susceptible to rolling.
The half width that was kicked backwards generally looked better than the side that
was kicked off of the forward facing plate and experienced less pickup on tires.

Chip spreaders are not being calibrated for longitudinal and transverse application
rate, and should be. The chip spreader calibration procedure developed at the
University of Reno is simple and effective for both longitudinal and transverse rates.

There are different philosophies on how soon after application of the emulsion to
apply the chips. The two methods used were to apply the chips immediately after
or as soon as the emulsion begins to grab a rock skipped across the surface. This
second method was intended to reduce the occurrence of chips that hit the emulsion
and then rolled over, leaving an emulsion coated surface that was easily picked up
on the tires.

One problem that was noted in the Southern region only, was that after the dump
truck connected with the chip spreader the dump truck bed is lifted higher and
higher to pour the aggregate into the chip spreader. When the bed got to about 70°
from the horizontal, there seemed to be enough downforce on the back end of the
chip spreader to make it start bouncing. This would always seem to occur at about
station 4+00 and would last for 50’ to 75, leaving transverse, washboard type,
corrugations. Although additional chips and hand brooming would help somewhat,
occasionally a noticeable rumble would remain, even after curing, rolling, brooming,
and the traffic was released. Also, soon after construction, a few motorists
experienced windshield damage at three of the sites (that we are aware of) due to
loose aggregate in the wheelpaths on the chip seal sections where rutting greater than
0.5" existed. If you broomed hard enough to get the excess chips out of the
wheelpaths, then you would be loosening and removing the chips between the
wheelpaths. Maintaining reduced speed traffic overnight on these sections may have
helped to minimize this problem.

Chip Seal Rolling

1.

2.

Many different rolling patterns, from one pass only, to five or seven passes, are used.

The amount of time after rolling, but before opening the surface to traffic seemed
important in hot weather.
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3.

Requiring reduced speed for at least one hour, either by posting speed limits or
through the use of pilot vehicles, seemed to reduce loss of chips.

Slurry Seal

General

1.

2.

A successful slurry depends on the skill and experience of the operator.

It may be possible to determine when a slurry can be opened to traffic by using a
non-contact thermometer. When the temperature of the surface of the recently
placed slurry approaches the temperature of the untreated lane, or of the lane that
was treated much earlier, the lane may be ready to open. The surface temperatures
of the treated and untreated lanes was one factor used in the North Central region
to determine when to open the lane to traffic.

Roads with superelevation made it difficult to manage the spreader box to keep the
slurry flowing well. On roads with no shoulders, the slurry box had to be kept up on
the pavement. Otherwise, the slurry would flow out from under the box onto the
shoulder.

Rutted areas take longer to cure.

Slurry Seal Specifications

1.
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Upper, as well as lower, air and pavement temperature limits should be included in
the specifications. When it is too cold, the slurry sets much too slowly. When it is
too hot, the slurry tends to set too fast. To counteract this fast set, the operator will
often add extra water which may affect the final product.

When soliciting bids for slurry seal work, it should be considered appropriate to
require a certain minimum level of experience for the slurry machine operator;
thereby avoiding many of the problems associated with placing and fine tuning a
slurry mix.

Any oversized aggregate, or large clumps, get hung up under the strike-off bar. This
leaves streaks in the fresh treatment. These streaks do seem to close up by
themselves somewhat, but also usually fill up with the water coming out of the mix.
This may leave a weak area. Perhaps requiring an on-site final screening is
appropriate.



In the North Central region, hard water, pumped from an RV park may have
contributed to set problems on a couple of sites. We also found out that cement
purchased in Canada was different than cement from the U. S. The Canadian type
10 cement was purchased, based on local checks, and used on one site in Canada.
A small amount was also used on another site. The slurry seal set up almost as soon
as it hit the spreader box and the operator had to increase water to the pug mill, as
well as to add water by spraying into the spreader box. It was only with a lot of hard
labor that the slurry seal application was completed. Observation later seemed to
indicate an acceptable application, but the site deserves extra concern due to this
cement problem. Canadian type 2 is equivalent to U.S. type 1.

The time to opening of the slurry seal to traffic is highly dependant on the
temperature of the pavement prior to placing the slurry.

Slurry Seal Mix design

1.

2.

Slurry seal mix design is normally left to the contractor.

The operator should be allowed to change the amounts of slurry seal additives as the
environmental conditions change.

The moisture content of the slurry seal aggregate is not important to the operator
because the changes made to the mix are made by eye and feel.

Slurry Seal Calibration

1

Slurry seal contractors typically calibrate their equipment once per year, but it is not
required by most agencies. Slurry seal equipment calibration procedures are
available, and the calibration is relatively simple. The calibration could be
performed before every large job.

Slurry Seal Construction

1

In the North Central region, the two hour set time for slurry seal was seldom
observed. The time was generally longer. Also the slurry seal machine used in the
North Central region had no means to monitor the amount of water added to the
slurry seal mix. It would be helpful if we could determine the amount of water used
in a mix and monitor success of an application with knowledge of this variable and
other environmental factors.
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Crack Seal

General
1. The hot-air lance seemed to be an effective tool in crack sealing.
2.  The lance is easy to use and requires little training.
3.  Surface cracks associated with paint striping and alligator cracking are not good

candidates for crack sealing.

Crack Seal Construction

1.

If there is a moderate amount of debris left in the routed crack, two passes with the
lance were required. One pass without heat was required to blow out the crack and
a second pass with heat was used to prepare the crack for sealant. Another
procedure that was used in the North Central region was to rout all of the cracks,
broom the surface with the power broom, blow out the cracks with the air
compressor only, and then use the Hot-Air Lance.

When sealing cracks routed to 1% inches wide in the North Central region, a layer
of single-ply toilet paper kept debris out of the cracks, helped in forming a skin over
the sealant, and reduced time to opening the section to traffic without increasing tire
pickup.

Undersealing

1.

2.
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Undersealing is not used as a preventative maintenance treatment.

The epoxy core test, which was developed in this project, is effective in defining the
presence and thickness of voids under concrete pavements.



Conclusions and Recommendations

Many factors have an effect upon the quality of the application of a pavement maintenance
treatment. Items relative to environmental conditions, surface conditions, equipment used,
application procedures, curing conditions, and traffic control have an impact on the expected
performance of a treatment. Several important items are included within each of the
classifications mentioned above. The overall quality of a treatment application is impaired
when any important item, or combination of items, is out of specification.

Maintaining high quality throughout the treatment application is very important. The
effectiveness of a maintenance treatment in extending pavement life is dependent upon the
quality of the treatment application. High quality during the application phase yields a
treatment which is expected to be very effective for extending the life of a pavement.
Conversely, low application quality results in poor performance of the treatment.

Because there are many items which affect the quality, it is nearly impossible to quantify the
quality of a treatment simply by observing the application of the treatment. This study
developed an effective way to quantify the quality of treatment application. This requires
one to consider the quality of each particular itern which has an effect on the overall quality
of the treatment. The influencing items must be identified, observed in the field, and
individually evaluated according to their level of quality. Once a numerical value has been
assigned to each item, an overall rating for the treatment can be obtained by combining the
individual ratings.

Although the weights and ratings assigned to the rating trees may need to be adjusted, the
rating procedure described in this report provides a practical and systematic way to quantify
the quality of the application of pavement maintenance treatments. This type of procedure

could be developed for other types of treatments in addition to chip seals, slurry seals, and
crack sealing.
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The following recommendations are made to improve the accuracy and dependability of the
rating procedure.

1.
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The weights for the main attributes, attributes, and sub-attributes should be verified
by experts on the three treatments. Some adjustments may need to be made to the
weights, and it is suggested that a utility theory ranking procedure be investigated for
possible use in determining the weights.

The ratings for the rating criteria should be reviewed by experts on the three
treatments. Some adjustments may also need to be made for the ratings.

The weights and ratings probably need to be adjusted to suit local conditions. This
may be very important, especially in relationship to environmental conditions.
Adjustments will also be necessary if materials are changed such as using a viscosity
graded asphalt in place of an emulsion for the chip seal binder.

The slurry seal sub-attribute "surface texture provided" should consider the skid
resistance and the moisture resistance separately. Combining these two items for one
rating does not allow an accurate evaluation. Rough and smooth describe skid
resistance. Open and tight describe the ability to prevent moisture penetration. The
data collection sheets were already being used when this was noticed. Thus, it was
included in the rating trees, but should be changed.
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Appendix A

Data Collection Sheets for Chip Seals, Slurry Seals, and Crack Sealing
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Sheet 1 *STATE ASSIGNED ID [_ ]

SPS-3 DATA *STATE CODE [ ]

]

LTPP PROGRAM *SHRP SECTION ID [

CHIP SEAL APPLICATION DATA FOR PAVEMENTS WITH ASPHALT CONCRETE_SURFACES

MEASUREMENTS TO BE TAKEN ON BOTH LANES, BUT ENTERED ONLY FOR THE LANE CONTAINING THE
SPS-3 TEST SECTION

1. *DATE WORK BEGAN (MONTH/DAY/YEAR) — 7/ /___]
*DATE WORK WAS COMPLETED (MONTH/DAY/YEAR) ./ /7 _1

2. *TIME WORK WAS BEGUN  (Hr/Min) L _/___1
*TIME OF DAY (AM = 1, PM = 2) (]
*TIME WORK WAS COMPLETED (Hr/Min) _/___]
*TIME OF DAY (AM =1, PM = 2) ]

3.  *LENGTH OF TEST SECTION SEALED (Feet) —_ _ ]
*WIDTH OF TEST SECTION SEALED (Feet) .1

4. *TYPE OF SEAL COAT (3]

AGGREGATE SEAL............. 3

5. *TYPE/GRADE OF BITUMINOUS MATERIAL IN SEAL COAT
(SEE TABLE A.16 FOR TYPE CODE) [
DESCRIPTION OF "OTHER CEMENT" [

MANUFACTURER NAME [ ]
MANUFACTURER MATERIAL NAMES [ ]

6. *WAS APPLICATION RATE OF BITUMINOUS MATERIAL ADJUSTED AT

JOBSITE TO CORRECT FOR SURFACE CONDITION (YES = 1, NO = 2) (]

7.  *TARGET APPLICATION RATE FOR BITUMINOUS MATERIAL (Gallons/Sq. Yd) [._
8.  *ACTUAL APPLICATION RATE FOR BITUMINOUS MATERIAL MEASURED

]

FROM DISTRIBUTOR READINGS (Gallons/Sq. Yd) | . |
9.  *ACTUAL APPLICATION RATE FOR BITUMINOUS MATERIAL MEASURED

FROM DISTRIBUTOR TANK MEASUREMENTS (Gallons/Sq. Yd) |
10.  *TARGET APPLICATION TEMPERATURE OF BITUMINOUS MATERIAL (°F) L _1

11.  *ACTUAL APPLICATION TEMPERATURE OF BITUMINOUS MATERIAL (°F) L]
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Sheet 2 *STATE ASSIGNED ID [ ]
SPS-3 DATA *STATE CODE [ 1]
LTPP PROGRAM *SHRP SECTION ID [ ]

CHIP SEAL APPLICATION DATA FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES (CONTINUED)

MEASUREMENTS TO BE TAKEN ON BOTH LANES, BUT ENTERED ONLY FOR THE LANE CONTAINING THE
SPS-3 TEST SECTION

12.

13.
14.

15.

16.

17.

18.

19.
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*TYPE OF AGGREGATE USED IN SEAL COAT

(SEE TABLE A.9 FOR TYPE CODE) [ 1
DESCRIPTION OF "OTHER AGGREGATE" [ ]
AGGREGATE SOURCE [ ]
*TARGET APPLICATION RATE FOR AGGREGATE (Pounds/Sq. Yard) L. 1
*ACTUAL APPLICATION RATE FOR AGGREGATE IN WHEEL PATHS
(Pounds/Sq. Yard) -]
*ACTUAL APPLICATION RATE FOR AGGREGATE BETWEEN WHEEL PATHS
(Pounds/Sq. Yard) -]
*INITIAL EXISTING PAVEMENT SURFACE PREPARATION (SWEEPING REQUIRED) 1
NONE......covvennnnnnn. 1. COLD MILL...uuueeenennnnn. 3
SWEEP CLEAN ONLY....... 2 SHOT BLAST....vvvvennnn.. 4
OTHER (SPECIFY) 5
*PAVEMENT CONDITIONS AT TIME SEAL COAT APPLIED
PAVEMENT TEMPERATURE (°F) (60 °F Required) 1
CONDITION OF SURFACE BEFORE SEALING ]
CLEAN ........ SRS | MOSTLY CLEAN.......... 2
SOMEWHAT DIRTY....3 DIRTY. ..oveereennnnnn. 4
SURFACE MOISTURE CONDITION [}
11:3 AR 1 MOSTLY DRY............ 2
SOMEWHAT MOIST..... 3 "] 23 S 4
*AMBIENT CONDITIONS AT TIME SEAL COAT APPLIED
AIR TEMPERATURE (°F) (60 °F Required) LOW L1
HIGH L 1]
RELATIVE HUMIDITY (Percent) L 1
*SURFACE CONDITION (]
BADLY OXIDIZED ........... 1 NORMAL ©.oovvveenneeannnnnnns 3
SLIGHTLY OXIDIZED......... 2 SLIGHTLY FLUSHED............. 4

OTHER (SPECIFY)




Sheet 3 *STATE ASSIGNED ID [__ ]
— ]
LTPP PROGRAM *SHRP SECTION ID [ ]

SPS-3 DATA *STATE CODE [

CHIP SEAL APPLICATION DATA FOR PAVEMENT WITH ASPHALT CONCRETE SURFACES (CONTINUED)

MEASUREMENTS TO BE TAKEN ON BOTH LANES BUT ENTERED ONLY FOR THE THE LANE CONTAINING THE
SPS-3 TEST SECTION

20.

21.

22.
23.

24.
25.

26.

27.
28.

29.

30.
31.

32.
33.

34.

*AVERAGE CRACK SEVERITY LEVEL (SEE DISTRESS IDENTIFICATION MANUAL)

LOW = 1, MODERATE = 2, HIGH = 3 [

*PRIMARY TYPE OF CRACKS (SEE TABLE A.22 FOR TYPE CODES) L]
SEE DISTRESS IDENTIFICATION MANUAL FOR DESCRIPTION

*ESTIMATED PERCENT OF CRACKS SEALED L __ ]

*AGGREGATE CONDITION PRIOR TO USE (CLEAN OR ONLY SLIGHTLY DIRTY REQU